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^ Trie following fees are submi 
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le following fees are submitted: 



CALCULATIONS PTO USE ONLY 



BASIC NATIONAL FEE (37 CFR L492(A) (1) - (5)): 



Neither international preliminary examination fee (37 CFR 1.492) 
nor international search fee (37 CFR 1.445(a)(2)) paid to USPTO 
and International Search Report not prepared by the EPO or JPO 

International preliminary examination fee (37 CFR 1.482) not paid to 
USPTO but International Search report prepared by the EPO of JPO .... 
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.$890.00 



International preliminary examination fee (37 CFR 1.482) not paid to 

USPTO but international search fee (37 CFR 1.445(a)(2)) paid to USPTO $740.00 

International preliminary examination fee (37 CFR 1.482) paid to 

USPTO but all claims did not satisfy provisions of PCT Article 33(l)-(4) $710.00 



International preliminary examination fee (37 CFR 1.482) paid to 
USPTO and all claims satisfied provisions of PCT Article 33(1X4) 



.$100.00 
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Total claims 



Independent claims 



NUMBER FILED 
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U -3 = 



NUMBER EXTRA 
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RATE 



x $18.00 



$270.00 



X $84.00 



$672.00 



MULTIPLE DEPENDENT CLAIM(S) (if applicable) 



+ 280.00 



TOTAL OF ABOVE CALCULATIONS = 



$1652.00 



S Applicant claims small entity status. See 37 CFR 1.27. The fees indicated 
above are reduced by 1/2. ^ 



$826,00 



SUBTOTAL = 



$826.00 



Processing fee of $130.00 for furnishing the English translation later than □ 20 □ 30 
months firom the earliest claimed priority date (37 CFT 1.492(f). 



TOTAL NATIONAL FEE = 



Fee for recording the enclosed assignment (37 CFR 1 .2(h)). The assignment must be 
accompanied by an appropriate cover sheet (37 CFR 3.28, 3.3 1). $40.00 per property 



TOTAL FEES ENCLOSED = 



$826.00 



Amount to be 
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charged; 



□ 



A check in the amount of $_ 



. to cover the above fees is enclosed. 



d. □ 
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Fees are to be charged to a credit card. WARNING: Information on this form may become public. Credit card 

information should not be included on this form. Provide credit card information and authorization on PTO-2038. 



NOTE: Where an appropriate time limit under 37 CFR 1.494 or 1.495 has not been met, a petition to revive (37 CFR 
1.137(a) or (b) must be filed and granted to restore the application to pending s tatus . 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re application of: 

VICTOR B.KLEY 

Application No.: -Unknown- 
(A 371 App. of PCT/USOO/18041) 
Intl. Filing Date: 30 June 2000 

Filed: -Herewith- 

For: OBJECT INSPECTION AND/OR 
MODIFICATION SYSTEM AND 
METHOD 



Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

Prior to examination of the above-referenced application, please amend 
the specification and tiie claims as follows. This amendment is based on the specification 
and claims in PCT/USOO/18041 (International Publication No. WO 01/03 157 Al). 

TN THE SPECTFTCATION: 

Please delete the language contained in the existing "CROSS- 
REFERENCE TO RELATED APPLICATIONS" at page 1, line 5 through page 2, Ime 6 
of the specification, and replace it with the following: 



Art Unit: 



PRELIMINARY AMENDMENT 
(NATIONAL PHASE FILING) 
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-This application is a U.S. national phase fiUng of PCT Patent 
Application PCTAJSOO/18041, filed June 30, 2000, having International Publication No. 
WO 01/03157 Al, which claims priority fix)m Provisional Application 60/142,178, filed 
July 1 , 1999, both of which are hereby incorporated by reference in their entirety. 

This application also incorporates by reference in then: entirety the 
foUowmg U.S. applications, U.S. patents, and published PCT applications: 

U.S. Patent Application No. 09/355,072, filed July 21, 1999; 

U.S. Patent AppUcationNo. 08/885,014, filed July 1, 1997, now U.S. 
Patent No. 6,144,028); 

U.S. Patent Application No. 08/776,361, filed May 16, 1997; 

U.S. Patent Application No. 08/906,602, filed December 10, 1996, now 
U.S. Patent No. 6,265,711; 

U.S. Patent Application No. 08/506,516, filed July 24, 1995, now U.S. 

Patent No. 5,751,683; 

U.S. Patent Application No. 08/827,953, filed April 6, 1997, now 

abandoned; 

U.S. Patent Application No. 08/786,623, filed January 21,1997, now 

abandoned; 

U.S. Patent AppUcation No. 08/613,982, filed March 4, 1996, now U.S. 
Patent No. 5,756,997; 

U.S. Patent Application No. 08/412,380, filed March 29, 1995, now 

abandoned; 

U.S. Patent Application No. 08/281,883, filed July 28, 1994, now 

abandoned; 

PCT Patent Application No. PCT/US98/01528, filed January 21, 1999, 
having Intemational Publication No. WO 98/34092; 
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PCT Application No. PCT/US96/12255, filed July 24, 1996, having 
International Publication No. WO 97/04449; and 

PCT Application No. PCT/US95/09553, filed July 28, 1995, having 
International Publication No. WO 96/03641.-- 



TN THE CLAIMS: 

Please cancel claims 3, 5, 7, 12-13, 17, 19, 24-25, 28, 30, 32, and 37-38, as 
well as the claim that was improperly designated as claim 14a. Claims 1, 2, 4, 6, 8-11, 
14-16, 18, 20-23, 26-27, 29, 31, 33-36, 39-43, and 46-49 have been amended. A clean 
version of the amended claims follows. 

The changed claims (together with the unchanged claims) are shown at the 
back of this version under the heading "Version with Markings to Show Changes made." 

L (Amended) In a scanning probe microscope and/or nanomachining 
system in which scanning probe techniques are a subset of fimctionality, the system 
including a probe and/or tool positioned relative to a sample volume and having relative 
motion between the probe and the sample voliune in the X,Y and Z space and controlled 
and sensed in any direction with respect to the sample volume or any element thereof and 
producing data responsive to any element or property of said volimie, a method for 
accurately measuring a parameter of that voliune or performing a task related to that 
volume including the following steps: 

providing a first scan by the probe and/or tool of the target volume in X, Y 
and Z or any element thereof to produce data representative of the volumetric element of 
target, 

storing the data representative of the volxmie, any parametric 
representation, and/or simultaneous parametric representation and/or any element of that 
volume, 
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providing, optionally, a second operation based on the information 
previously obtained, 

measuring a portion or all of the volume or any other parameter associated 
with the target volume or making any change to said volxune. 

2. (Amended) The method of claim 1 wherein the first scan produces 
volume data by at least one of an atomic force measurement and a tunnehng current 
measurement, a scanning electron beam probe measurement, and a scanning ion beam 
probe measurement, 

4. (Amended) The method of claim 1 wherein the first scan produces 
volume data by a scanning electron beam probe measurement or a scanning ion beam 
probe measurement. 

6. (Amended) Themethodof claim 4 wherein the first scan 
simultaneously produces electromagnetic data or secondary particle data. 

8. (Amended) The method of claim 1 where the second scan produces 
volume data by a magnetic force, and/or field and/or gradient measurement. 

9. (Amended) The method of claim 1 wherein the first scan produces 
volume data by an electric field measurement. 

10. (Amended) The method of claim 1 wherein the second scan is used to 
modify the volume in any measurable manner. 

1 1 . (Amended) The method of claim 1 0 wherein the modification is 
accompUshed by at least one of (a) the probe mechanically cutting the volume of the 
sample, (b) applying an electric field between the probe and the volume of the sample, 
and (c) applying a particle beam of ions or electrons between the probe and the volume of 
the sample. 



VICTOR B. KLEY PATENT 
Application No.: 
Page 5 

14. (Amended) In a scanning probe microscope and/or nanomachining 
system in which scanning probe techniques are a subset of functionality, the system 
including a probe and/or tool positioned relative to a sample volume or topography and 
having relative motion between the probe and the sample volume or topography in the 
X,Y and Z space and controlled and sensed in any direction with respect to the sample 
volume or topography or any element thereof and producing data responsive to any 
element or property of said volume or topography, a method for accurately measuring a 
parameter of that volume or topography or performing a task related to that volume or 
topography including the following steps: 

providing a first scan by the probe and/or tool of regions around the target 
volume or topography in X, Y and Z or any element thereof to produce data 
representative of the bounding volumetric or topographic elements of the target(s) 
volume or topography, 

storing the data representative of the bounding volume or topography, any 
parametric representation, and/or simultaneous parametric representation and/or any 
element of that volume or topography, 

providing, optionally, a second operation based on the information 
previously obtained, 

measuring a portion or all of the volume or topography or any other 
parameter associated with the target volume or topography or making any change to said 
volume or topography. 

1 5 . (Amended) The method of claim 14 wherein the first scan produces 
volimie or topographic data by at least one of an atomic force measurement and a 
tunneling current measurement. 

16. (Amended) The method of claim 14 wherein the first scan produces 
volume or topographic data by a scanning electron beam probe measurement or a 
scanning ion beam probe measurement. 
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1 8. (Amended) The method of claim 16 wherein the first scan 
simultaneously produces electromagnetic data or secondary particle data. 

20. (Amended) The method of claim 14 where the second scan produces 
volume or topographic data by a magnetic force, and/or field and/or gradient 
measurement. 

21. (Amended) Themethodof claim 14 wherein the first scan produces 
volume or topographic data by an electric field measurement. 

22. (Amended) The method of claim 14 wherein the second scan is used 
to modify the volume in any measurable manner. 

23. (Amended) The method of claim 22 wherein the modification is 
accompUshed by at least one of (a) the probe mechanically cutting the volxmie of the 
sample, (b) applying an electric field between the probe and the volume of the sample, 
and (c) applying a particle beam of ions or electrons between the probe and the volume of 
the sample. 

26. (Amended) In a scanning probe microscope and/or nanomachining 
system in which scanning probe techniques are a subset of functionality, the system 
including a probe and/or tool positioned relative to a sample volume or topography and 
having relative motion between the probe and the sample volume or topography in the 
X,Y and Z space and controlled and sensed in any direction with respect to the sample 
volume or topography or any element thereof and producing data responsive to any 
element or property of said volume or topography, a method for accurately measuring a 
parameter of that volume or topography or performing a task related to that volume or 
topography including the following steps: 

providing a first location by the probe and/or tool of regions around/on or 
within the target volume or topography in X, Y and Z or any element thereof to locate the 
volumetric or topographic elements of a starting reference point or points the target(s) 
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volume or topography, without storing the data representative of the bounding volume or 
topography, any parametric representation, and/or simultaneous parametric representation 
and/or any element of that volume or topography, 

measuring a portion or all of the volume or topography or any other 
parameter associated with the target volume or topography or making any change to said 
volume or topography. 

27. (Amended) The method of claim 26 wherein the first scan produces 
volume data by at least one of an atomic force measurement and a tunneling current 
measurement, a scanning electron beam probe measxirement, and a scanning ion beam 
probe measurement. 

29. (Amended) The method of claim 26 wherein the first scan produces 
volume data by a scaiming electron beam probe measurement or a scanning ion beam 
probe measurement. 

31. (Amended) The method of claim 29 wherein the first scan 
simultaneously produces electromagnetic data or secondary particle data. 

33. (Amended) The method of claim 26 where the second scan produces 
volume data by a magnetic force, and/or field and/or gradient measurement. 

34. (Amended) The method of claim 26 wherein the first scan produces 
volume data by an electric field measurement. 

35. (Amended) The method of claim 26 wherein the second scan is used 
to modify the volume in any measurable manner. 

36. (Amended) Themethodof claim 34 wherein the modification is 
accomplished by at least one of (a) the probe mechanically cutting the volume of the 
sample, (b) applying an electric field between the probe and the volume of the sample, 
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and (c) applying a particle beam of ions or electrons between the probe and the volume of 
the sample. 

39. (Amended) An illumination system for an opaque or optically limited 
or blocked stage in which illumination is introduced along one or more edges of the 
sample and is arranged so reflecting elements cause the illumination to be propagated 
across the sample. 

40. (Amended) The illumination system of claim 39 in which the 
intensity of the illumination introduced into the sample is a function of the position of the 
stage with respect to the optical observing means. 

41. (Amended) An illumination system for an opaque or optically limited 
or blocked stage in which illumination is introduced along one or more sides of the 
sample, striking the sample at a glancing angle just under the optical observing means. 

42. (Amended) The illumination system of claim 41 in which the source 
means is fixed to always point at the glancing area below a fixed optical observing 
means. 

43. (Amended) The illumination system of claim 41 in which the source 
means is moved to always point at the glancing area below a movable optical observing 
means 

46. (Amended) A nanomachining system as described herein in which 
the tip or tool is stopped fi*om any SPM induced vibration and is moved until a 
measurable change in any related sensing system indicates that the tip of the tool is in 
contact with the target volimie. 

47. (Amended) A nanomachining system as described herein in which 
the tip or tool is not stopped fi:om any SPM induced vibration but is restricted in its 
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nonnal motion (associated with measurement) so as to follow the loci of a target 
nanomachining step to nanomachine a particular feature or features in the target volume. 

48. (Amended) A nanomachining system as described herein in which 
the tip or tool is not stopped from any SPM induced vibration but is restricted in its 
nonnal motion (associated with measurement) so as to follow the loci of a target 
nanomachining step to nanomachine a particular feature or features in the target volume 
and the means for monitoring the tip or tool for measurement is used to determine when 
the tip or tool is no longer cutting the target volume. 

49. (Amended) A nanomachining system as described herein in which 
the tip or tool is not stopped from any SPM induced vibration but is restricted in its 
normal motion (associated with measurement) so as to follow the loci of a target 
nanomachining step to nanomachine a particular feature or features in the target volume 
and the means for monitoring the tip or tool for measurement is used to determine when 
the tip or tool is no longer cutting the target volume. 

REMARKS 

Claims 1, 2, 4, 6, 8-11, 14-16, 18, 20-23, 26-27, 29, 31, 33-36, 39-49 are 
pending in the application. 

The amendment to the claims makes a number of typographical 
corrections and consoUdates a number of dependent claims. 

The amendment to the specification (a) provides the priority claim to PCT 
Application No. PCT/USOO/18041, filed June 30, 2000, and Provisional Application 
60/142,178, filed July 1, 1999; and (b) removes the priority claim to the long list of 
earUer PCT and U.S. applications and patents while leaving intact the incorporation by 
reference of those earlier filed appUcations and patents. 

No new matter is introduced, and the intent is not to change the scope of 

the claims. 
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If the Examiner believes a telephone conference would expedite 



prosecution of this application, please telephone the undersigned at 650-326-2400. 



TOWNSEND and TOWNSEND and CREW LLP 

Two Embarcadero Center, 8* Floor 

San Francisco, California 94111-3834 

Tel: (650) 326-2400 

Fax: (415) 576-0300 

DNS:dd 

PA 3191517 v1 




Respectfully submitted. 



David N. Slone 
Reg. No. 28,572 
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VERSION WITH MARKINGS TO SHOW CHANGES MADE 

1. (Amended) In a scamiing probe niicroscope and/or nanomachining 
system [(Jin which scamiing probe techniques are a subset of functionalit y, the system [)] 
including a probe and/or tool positioned relative to a sample volume and having relative 
motion between the probe and the sample volume in the X,Y and Z space and controlled 
and sensed in any direction with respect to the sample volume or any element thereof and 
producing data responsive to any element or property of said volume, a method for 
accurately measuring a parameter of that volume or performing a task related to that 
volume including the following steps: 

providing a first scan by the probe and/or tool of the target volume in X, Y 
and Z or any element thereof to produce data representative of the volumetric element of 
target, 

storing the data representative of the volume, any parametric 
representation, and/or simultaneous parametric representation and/or any element of that 
volume, 

providing, optionally, a second operation based on the information 
previously obtained, 

measuring a portion or all of the volume or any other parameter associated 
with the target volume or making any change to said volume. 

2. (Amended) The method of claim 1 wherein tiie first scan produces 
volume data by at least one of an atomic force measurement and a timneling current 
measurement, a scanning electron beam probe measurement, and a scanning ion beam 
probe measurement . 



3. (Canceled). 
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1 4. (Amended) The method of claim 1 wherein tiie first scan produces 

2 volume data by a scanning electron beam probe measurement or a scanning ion beam 

3 probe measurement s 

5. (Canceled), 

1 6. (Amended) The method of claim 4 [or 5] wherein Ae first scan 

2 simultaneously produces electromagnetic data or secondary particle data [by a scanning 

3 particle beam probe measurement] . 

7. (Canceled). 



1^^ 1 8, (Amended) The method of claim 1 where the second scan produces 

m 2 volume data by a [an] magnetic force, and/or field and/or gradient measurement. 

1 9. (Amended) The method of claim 1 wherein the first scan produces 
Q. 2 vohune data by an electric field measurement. 

Is 1 10. (Amended) The method of claim 1 wherein tiie second scan is used to 

2 modify the volume in any measurable manner. 



1 11. (Amended) Themethodof claim 10 [9] wherein the modification is 

2 accomplished by at least one of (a) the probe mechanically cutting the volume of the 

3 sample , (h) applying an electric field between the probe and the volume of the sample, 

4 and (c) applying a particle beam of ions or electrons between the probe and the volume of 

5 the sample . 

12. (Canceled). 



13. (Canceled). 
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1 


14. (Amended) In a scanning probe microscope and/or nanomachining 


2 


system ffjin which scanning probe techniques are a subset of functionalitv, the svstemf)] 


3 


including a probe and/or tool positioned relative to a sample volume or topography and 


4 


having relative motion between the probe and the sample volume or topography in the 


5 


X.Y and Z snace and controlled and sensed in anv direction witii resnect to the samnle 


6 


volume or tODOsraohv or anv element thereof and nroducins data resnonsive to anv 


7 


element or Dronertv of said volume or toDOfiranhv. a method for accuratelv measuring a 


8 


narameter of that volume or tonoeranhv or oerformins a task related to that volume or 


9 


tonoffranhv including the followinff stens* 


]«=. 10 


nrovidiTiff a fir^t Hv the nrnhe fltiH/nr tool of rficrioTi^ flfoiitid the tflriret 


U 11 


vohime of tonnffranhv in Y and 7 or anv element thereof to nrofliiee H^ita 

V vXUXXXw \JL tvL/Vr^XCl|JXX Y IXX ^^Vy -L uXXVX u v/X CUXV wXwXXXwXXi iXXVXW/X t\J L/X ^i/VXUV/w U-CiLCi 


ill 12 


renresentative of the bounding volumetric or tonooranhic elements? of the tarffet^ s"^ 

X VL/X WO\/XXiiHrliX V w V/X UXw \J\J VIXXVXXXX WXUXXXwUXw x/X IrVL/V/^LxCtX/XXXw wXwXXXwXXl>0 V/X LXXw vCiX &Wl>l 0 1 


m 13 


volume or tonoeranhv 


»i 14 


storinff the Hata renresentative of the honndinff volume or tonooranhv anv 

O^VfXXXX^ uXw VICl.KV X VL/X VOV/XXvAbX V w V/X ItXX^ U \J IXXXVXXXX C) VVFXUXXXw V/X Lv/ L-/ W^X CLL/XX y ^ Qxxy 


b 15 


parametric representation, and/or simultaneous parametric representation and/or any 


K 16 


element of that volume or topography, 


111 1 'T 


providing, optionally, a second operation based on the information 


jy 18 


previously obtained. 


19 


measuring a portion or all of the volume or topography or any other 


20 


narameter as<iociflteH with the taro^et volume or tonooT^nhv or matin <y anv r*lian(ye to cnid 


21 


volume or topography. 




14a. (Canceled). 


1 


15. (Amended) The method of claim 14 wherein the first scan produces 


2 


volume or toposxaphic data bv at least one of an atomic force measurement and a 


3 


tunneling current measurement. 
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5. 



1 16. (Amended) The method of claim 14 wherein the first scan produces 

2 volume or topographic data by a scanning electron beam probe measurement ora 

3 scanning ion beam probe measurement . 

17. (Canceled). 

1 18. (Amended) Themethodofclaim 16 [17 or 18] wherein tiie first scan 

2 simultaneously produces electromagnetic data or secondary particle data (by a scanning 

3 particle beam probe measurement]. 

19. (Canceled). 

1 20. (Amended) The method of claim 14 where the second scan produces 

2 volume or topographic data by a [an] magnetic force, and/or field and/or gradient 



3 measurement. 



1 21 . (Amended) The method of claim 14 wherein Ae first scan produces 

2 volume or topographic data by an electric field measurement. 



15 1 22. (Amended) The method of claim 14 wherein &e second scan is used 

2 to modify the volume in any measurable manner. 

1 23. (Amended) The method of claim 22 [21] wherein the modification is 

2 accompUshed by at least one of fa) the probe mechanically cutting the volume of the 

3 sample , (b) applying an electric field between the probe and the volume of the sample. 

4 and (c) applying a particle beam of ions or electrons between the probe and the volume of 

5 the sample . 

24. (Canceled). 



25. (Canceled). 
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1 26. (Amended) In a scanning probe microscope and/or nanomachining 

2 system [(]in which scanning probe techniques are a subset of functionalit y, the system ^] 

3 including a probe and/or tool positioned relative to a sample volume or topography and 

4 having relative motion between the probe and the sample volume or topography in the 

5 X,Y and Z space and controlled and sensed in any direction with respect to the sample 

6 volume or topography or any element thereof and producing data responsive to any 

7 element or property of said volume or topography, a method for accurately measuring a 

8 parameter of that volimie or topography or performing a task related to that volume or 

9 topography including the following steps: 

Q 10 providing a first location by the probe and/or tool of regions around/on or 

j J 1 1 within the target volume or topography in X, Y and Z or any element thereof to locate the 

12 volumetric or topographic elements of a starting reference point or points the target(s) 

1 3 volume or topography, without storing the data representative of the bounding volume or 

14 topography, any parametric representation, and/or simultaneous parametric representation 



I 1 5 and/or any element of that volume or topography, 



jll 1 6 measuring a portion or all of the volume or topography or any other 

I j!; 1 7 parameter associated with the target volume or topography or making any change to said 

}y 1 8 volume or topography. 

1 27. (Amended) The method of claim 26 wherein the first scan produces 

2 volume data by at least one of an atomic force measurement and a tunneling current 

3 measurement, a scanning electron beam probe measurement and a scanning ion beam 

4 probe measurement . 

28. (Canceled). 



1 

2 
3 



29. (Amended) The method of claim 26 wherein the first scan produces 
volume data by a scanning electron beam probe measurement or a scanning ion beam 
probe measurement . 
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30. (Canceled). 

3 1 • (Amended) The method of claim 29 [or 30] wherein flie first scan 
simultaneously produces electromagnetic data or secondary particle data [by a scanning 
particle beam probe measurement]. 

32. (Canceled). 

33. (Amended) Themethodof claim 26 where the second scan produces 
volume data by a [an] magnetic force, and/or field and/or gradient measurement. 

34. (Amended) The method of claim 26 wherein the first scan produces 
volume data by an electric field measurement. 

35. (Amended) The method of claim 26 wherein the second scan is used 
to modify the volume in any measurable manner. 

36. (Amended) The method of claim 34 wherein the modification is 
accomplished by at least one of fa) the probe mechanically cutting the volume of the 
sampl e, (b) applying an electric field between the probe and the volume of the sample, 
and (c) applying a particle beam of ions or electrons between the probe and the volume of 
the sample . 

37. (Canceled). 

38. (Canceled). 

39. (Amended) An illumination system for an opaque [opague] or 
optically Umited or blocked stage in which illumination is introduced along one or more 
edges of the sample and is arranged so reflecting elements cause the illumination to be 
propagated across the sample. 
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40. (Amended) [An iUumination system for opague or optically 
limited or blocked stage in which illumination is introduced along one or more edges 
of the sample and is arranged so reflecting elements cause the illumination to be 
propagated across the sample as in] The illumination system of claim 39 in which the 
intensity of the illumination introduced into the sample is a function of the position of the 
stage with respect to the optical observing means. 

41. (Amended) An illumination system for an opaque [opague] or 
optically limited or blocked stage in which illumination is introduced along one or more 
sides of the sample, striking the sample at a glancing angle just under the optical 
observing means. 

42. (Amended) [An illumination system for opague or opticaUy 
limited or blocked stage in which illumination is introduced along one or more sides 
of the sample, striking the sample at a glancing angle just under the optical 
observing means as in] The illumination system of claim 41 in which the source means 
is fixed to always point at the glancing area below a fixed optical observing means. 

43. (Amended) [An illumination system for opague or optically 
limited or blocked stage in which illumination is introduced along one or more sides 
of the sample, striking the sample at a glancing angle just under the optical 
observing means as in] The illumination system of claim 41 in which the source means 
is moved to always point at the glancing area below a movable optical observing means. 

44. (Unchanged) A nanomachining system as describe herein in which 
the tip or tool is clamped by mechanical, magnetic, or electrostatic means prior to 
beginning the nanomachining material modification process. 
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45. (Unchanged) A nanomachining system as described herein in which 
the tip or tool is stopped from any SPM induced vibration and is moved a known or 
estimated distance to contact or nearly contact the target volume. 

46. (Amended) A nanomachining system as described herein in which 
the tip or tool is stopped from any SPM induced vibration and is moved until a 
measurable change in any related sensing system indicates that the tip of the [ot] tool is in 
contact with the target volume. 

47. (Amended) A nanomachining system as described herein in which 
the tip or tool is not stopped from any SPM induced vibration but is restricted in its 
normal motion (associated with measurement) so as to follow the loci of a target 
nanomachining step to nanomachine a particular feature or features [featuee(s)] in the 
target volume. 

48. (Amended) A nanomachining system as described herein in which 
the tip or tool is not stopped from any SPM induced vibration but is restricted in its 
normal motion (associated with measurement) so as to follow the loci of a target 
nanomachining step to nanomachine a particular feature or features [featuee(s)] in the 
target volume and the means for monitoring the tip or tool for measurement is used to 
determine when the tip or tool is no longer cutting the target volume. 

49. (Amended) A nanomachining system as described herein in which 
the tip or tool is not stopped from any SPM induced vibration but is restricted in its 
normal motion (associated with measurement) so as to follow the loci of a target 
nanomachining step to nanomachine a particular feature or features [featuee(s)] in the 
target volume and the means for monitoring the tip or tool for measurement is used to 
determine when the tip or tool is no longer cutting the target volume. 
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O BJECT INSPECTION AMD/OR MODIFICATION SYSTEM AND METHOD 

CROSS REFERENCE TO RELATED APPUCATIONS 

5 This application is a continuation of U.S. Patent Application No. 09/355,072, filed 

July 21, 1999, which is a National Phase filing of POT Patent Application No. 
PCT/US98/0152d, filed January 21, 1999, having Intemalionai Publication No. 
WO 98/34092, and pubii^ed on August 6, 1 998. 

PCT Patent Application PCT/US98/01528 is a contlnuation-ir>-pait of U.S. Patent 
% 10 Application No. 08/906,602, filed Decenrtber 10, 1996, which is a file wrapper continuation 
of U.S. Patent ^^plication No. 08/281 ,883, filed July 28, 1994, now abandoned. 

PCT Patent Application PCT/US98/01528 is a continuation-in-part of U.S. Patent 
/application No. 08/885,014, filed July 1, 1997, which Is a continuation of U.S. Patent 
Application No. 08/412,380, filed March 29, 1995, now abandoned, which is a 
1 5 continuationHn-part of U.S. Patent /^plication No. 08/281 ,883. 

PCT Patent Application PCT/US98/01528 is a continuation-in-part of U.S. Patent 
Application No. 08/776,361 , filed May 16, 1997, vMch is a National Phase filing of PCT 
Application No. PCT/US95/09553, filed July 28, 1995, having International Publication No. 
WO 96/03641, and pubRshed on February 8, 1996, which is a continuation-in-part of U.S. 
20 Patent Application No. 08/281 ,883 and U.S. Patent Application No. 08/412,380. 

PCT Patent Application PCT/US98/01528 is a continuation-in-part of U.S. Patent 
Application No. 08/506,516, filed July 24, 1995, now U.S. Patent No. 5,751,683, issued 
May 12, 1998, which is a continuation-in-part of U.S. Patent Application No. 08/281,883. 

PCT Patent Application PCT/US98/01528 is a continuation-ini^art of U.S. Patent 
25 Application No. 08/613,982, filed March 4, 1996, now U.S. Patent No. 5,756,997, issued 

May 26, 1998, which is a continuation in part of U.S. Patent Application No. 08/281,883. 

PCT Patent Application PCT/US98/01528 is a continuation-in-part of PCT 
/Application No. PCT/US96/12255, filed July 24, 1996, having International Publication No. 
WO 97/04449, and pubRshed on Febmary 6, 1997, which is a continuation-in-part of U.S. 
30 Patent AppOcation No. 08/506,516. 
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PCX Patent Application PCT/US98/01528 is a continuation-in-part of U.S. Patent 
Appfication No. 08/786,623, filed January 21 , 1997, now abandoned. 

PCT Patent Application PCT/US98/01528 is a conHnuaHon-ln-paTt of U.S. Psrtent 
Application No. 08/827,953, filed A(m\ 6, 1997, now at)andoned. 
5 M\ of the identified and cross referenced applications are hereby incorporated by 

reference in their entirety. 

FIELD OF THE INVENTION 

10 The present Invention relates generally to SPM (scanning probe microscopy) and 

a new application (i.e., branch or subset) of SPM known as nanonrachining. In particular, 
it pertains to a system and method for modifying and/or inspecting an object using new 
and novel nanomachining and/or other SPM techniques. 

15 BACKGROUND OF THE INVENTION 

U.S. Patent Nos. 5,308,974 and 5,418,363 issued to Elings et ai. disclose a 
method in which a first scan to obtain the topography of a sample surface is used to guide 
a subsequent second scan for some other task related to the topography. As is standard 

20 in SPM applications, tiiis topography represents a simple false surface of the object that is 

a function (i e*. there is only one z coordinate value for each pair of x,y coordinate values) 
when in fact the true surface of the object may be a complex surface that is a non-function 
(i.e. for at least one pair of x,y coordinate values, there is more then one z coordinate 
value). In c^er words, tiie topography is itself a function. The second scan Is then 

25 perfomied aking the topography, along a fixed (i.e., constant) offset of tiie topography, or 

along a function of the topograji^y. However, such an approach Is inadequate and 
inappropriate for use in SPM applications, such as nanomachining and the dynamic 
measurement of induced parametric change. 

In particular, in nanomachining It is the complex desired surface which is the 

30 target not ttie pre-existing topography. Indeed, simple mathematical considerations 

demonstrate that simply adding or subtracting a fixed amount from an original topograj:^ 
can only reproduce the topography. 

Furthenrora, in nanomachining and other SPM operations, it Is often necessary to 
perfomi an operation on an object or a surface or subsurface structure of the object that 

35 has a true surface or volume which is not a function. However, such a true surface or 

volume can never be accurately scanned by a simple offeet from the true surface or 
volume because complex back and fortti or in and out motions are required to accurately 
follow the tme surface or volume. 
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SUMMARY OF THE INVENTION 

5 In summary the present invention is an SPM object inspecfion and/or modificaHon 

system 100 which uses new and novel nanomachining and/or other SPM techniques to 
inspect and/or modiiy an object. Specifically, it is often desired to perform nanomachining 
and other SPM operations on an object or a selected surfece or subsurface structure of 
an object 

10 Thus, in a first mode, an initial inspection of the object is first performed. This 

may be done by maldng a first scan of the object with one or more SPM probes. 
Alternatively, it may be done without doing such a first scan (i.e., without the SPM probes) 
and using some of the other conponents of the SPM system instead. 

In the case where the initial inspection is made with one or more SPM probes, the 
1 5 first scan is made along the existing surface or volume of the ofcgect or the selected 
structure of the ot>ject. Since the existing surface or volume may in fact be a non- 
JT function, this scan can be made t>ecause the SPM probes can be diiven in complex 

;p motions, as described earlier. The SPM probes make SPM measurements from which 

inspection data is generated. This inspection data may represent either an inspected 
;p 20 topography O-e., a simple false surface that is a function), tore surface (i.e., complex 

I surface that is a nornfunction), or volume (ue,, non-function) of the object or the selected 

structure of the object Or, it may represent an inspected parametric measurement 
[l| distribution which nnay or may not be related to the existing surface or volume of the object 

or the selected structure. The actual pammetric measurement distribution may or may 
25 not be a function depending on the corresponding parameter being measured and Its 

distribution. Any non-function surface or volume can be simplified into a topographic 
representation whether or not the existing surface or volume is a function. 

As mentioned earlier, the SPM probes used to make such an inspection include 
AFM (atomic force microscopy) probes for making AFM measurements, STM (scanning 
30 tunneling microscopy) p-obes for making STM measurements, light enrutting and detecting 

probes for maldng NSOM (near field optical microscopy), spectrophotometric, and/or other 
optical measurements, hardn^s testing probes for hardness measurennents, 
electromagnetic rBdiation enitting and detecting probes for making electromagnetic 
radiation measurements, charged particle emitting and detecting probes for making 
35 charged particle measurements, electrical probes for maldng electrical measurements, 

electric field probes for making electric field measurements, magnetic field probes for 
maldng magnetic field measurements, lateral force probes for making lateral force 
measurements. The inspection can be made with any combination of one or more of 
these SPM probes. 
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in the case where the Initial inspection is made without doing a first scan using 
some of the other components of the SPM system, this may be done in such a way that 
the object is injected so as to simulate or emulate its use in the environment in which it 
is normally used. This is done to generate the inspection data. 
5 After the initial inspection is made, an SPM operation is perfomied by maidng a 

second scan of the object based on the inspection data. Thfe SPM operation may be 
another inspection of the object or a modfication of the object by nanomachirang. This 
may be done with the same SPM probe used In the first scan and/or with one or more 
other SPM probes. Furthermore, this operation may be performed directly based on the 
1 0 inspection data or it may be perfomied based on guide data generated from the inspection 

data. 

In the case where the SPM operation is performed directly based on the 
inspection data, the second scan is made along the actual topography, actual true 
surface, actual volume, or actual parametric measurement cfistribution (such as magnetic 
1 5 field, electric fieki, temperature, or other measurement distribution) rein-esented by the 

target data represented by the inspection data. Since the actual true surface, actual 
volume, or actual parametric measurement distribution may be a non-fiincHon, the second 
scan can be made because the SPM probes can be driven in coniplex motions, as 
described earlier. 

20 In the case where the SPM operation Is performed based on guide data 

generated from the inspection data, the guide data may be generated by comparing the 
inspection data with target data representing a target topography, tme surface, volume, or 
parametric nneasurement distiibution. For example, if the tai^et data and the inspection 
data do not match within a predefined tolerance level stored by the controller and 

25 spedfied by ttie user with the user interface 1 16, the controller generates guide data for 
guiding the performance of a modification that needs to be made to the object to fall within 
the tolerance level. Furthermore, the guide data may represent a complex motion, such 
as a guide topography, true surface, volume, or parametric measurement distribution that 
is related to the actual and target topographies, true surfaces, volumes, or parametric 

30 measurement distributions. Since the actual and target tme surfaces, volumes, or 

parametric measurement distributions may be non-fiinctions, the complex motion may 
itself be a non-function. The second scan is made along the lod of this complex motion to 
perform the SPM operation. Again, the second scan can be made because the SPM 
probes can be driven in complex motions, as described eariier. 

35 In the case where the SPM operation is a mocBfication to the object, the process 

just described can be iteratively repeated until the generated inspection data converges to 
the target data so as to be within the predefined tolerance level. As will be discussed 
later, this mode is particularly useftjl in fabrication and/or repair of semiconductor wafeis 
and febrication masks, lithographic stmctures, thin film magnetic read/write heads, and 



SPM probes. It is also useful In direct manipulation of DNA, RNA and other blocherrical 
elements and chemical catalysts. 

In a second mode, the inspection data generated from the initial inspection may 
be used to simply locate and identify a reference point on the existing surface or volume of 
the ot)iect or structure of the object. This may be done by comparing the inspecfion date 
with target data for the object Then, pre-defined or pro-generated guide data received 
from an external system to the SPM system is used for perfomrung the SPM operation 
made with the second scan. This gidde data is not generated from or based on the 
inspection data and may represent a complex motion, such as a guide topography, true 
surface, volume, or parametric measurement distribution. Then, the first mode of the 
SPM system may be used to further inspect and/or modify the object. This second mode 
is useful in fabrication and/or repair of semiconductor wafers and fabrication masks, 
BthograpWc structures, thin film magnetic readAvrite heads, and SPM probes where the 
type of object is already Icnown and ttie desired inspection or modification is already 
Icnown or pre-defined. 

In a third mode, an initial inspection is not even made. Instead, i^ng well known 
techniques, an SPM probe is brought Into contact or a known near contact with the 
existing surface or volume of the object or the structure of the object. In doing so, 
inspection data is not generated. Then, the pre-defined or pre-generated guide data 
received from an external system to the SPM system is used for the scan in which the 
SPM operation is performed. In doing, so the scan is made along the guide topography, 
true surface, volume, or parametric measurement distribution represented by the guide 
data. Once again, the first mode of the SPM system may then be used to further inspect 
and/or modify the object As with the second mode, this third mode is useful In fabrication 
and/or repair of semiconductor wafers and fabrication masks, BthografAlc structures, thin 
film magnetic readAvrite heads, and SPM probes where the type of object is already 
known and the desired inspection or modification is already known or pre-defined. 

Moreover, in some cases the inspection data used to generate guide data need 
onfy represent the boundaries of the surface or volume of the object or the selected 
structure of the object For example, the initial inspection data from an initial inspection by 
the SPM system 100 or from an external system to the SPM system may be analyzed by 
the contrdler to locate the guide surface or volume on which a selected stmcture of the 
object ies. This guide surface or volume is represented inrtiai guide data. Then, a first 
scan is made according to ttie initial guide date to generate additional inspectton data 
representing the boundary of the structure on the guide surface or volume. In doing so, 
only the x,y coordinates of the points defining the boundary are recorded and stored. 
Then, by comparing this additional inspection data with the target data, additional guide 
data is generated. Tlien, the first mode of the SPM system may be used to further inspect 
and/or nnodify the object. This second mode is also useful in fabrication and/or repair of 



semiconductor wafers and fabrication masks, lithographic structures, thin film magnetic 
read/write heads, and SPM probes where the type of object. 

In some esses, the inspection data used to generate guide data need only 
represent the boundaries of a sample topography, true surface, volume, or parametric 
measurement distribution of the object or a selected structure of the object For example, 
the inspection data from an initial inspection by the SPM system or from an external 
system to the SPM system may be analyzed by the controller to locate a guide 
topography, tme surface, or volume on which a selected structure of the object lies or 
locate a sample parametric measurement distribution of the object. In response, the 
controller generates first guide data representing this guide topography, true surface, 
volume, or parametric measurement distribution. 

Then, a first scan is made accoiding to tfiis first guide data and with respect to the 
guide topography, true surface, volume, or parametric measurement distribution to 
generate inspection data representing the boundary of the structure on the guide 
topography, tme surface, volume, or parametric measurement distribution. In doing so, 
only the x,y coordinates of the points defining the boundary are recorded and stored. The 
points within the boundary are Identified during the first scan when ttiey substantially 
deviate from the corresponding point of the guide topography, tme surface, volume, or 
parametric measurement distribution represented by the inspection data. These points 
are not recorded and stored. 

Alternatively, the first scan is made according to the first guide data and with 
respect to the guide topography, tme surface, volume, or parametric measurement 
distribution to generate infection data representir^ a non-conforrrang (i.e., deviating) 
boundary of the guide topography, true surface, volume or parametric measurement 
distribution. In this case, the points within the non-confonwng boundary are identified 
during the first scan when they substantially deviate ft-om the corresponding point of the 
target topography, true surface, volume, or parametric measurement distribution 
represented by the target data. Thus, only the x,y coordinates of the points defining the 
non-conforming boundary are recorded and stored. 

Then, the SPM operation is performed by makir^ a second scan of ttie object 
based on the inspection data. As sdtuded to earlier, tills may be done direcUy based on 
the inspection or guide data generated by comparing the inspection data to the target 
data. Then, the first mode of the SPM system may be used to further Inspect and/or 
modify the object. This second mode Is also useful In fabrication and/or repair of 
semiconductor wafei^ and fabrication masks, lithographic stmctures, thin film magnetic 
read/write heads, and SPM probes where the type of object. 
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BRIEF DESCRIPTION OF DRAWINGS 

Figure 1 shows an SPM inspection and/or modification system for Inspecting 
and/or modifying an object. 

5 F^ures 2 to 4 show different views of an SPM probe of the SPM system of Rguie 

1. 

Figures 5 to 8 show diff^ent views of a scannir^ head of the SPM system of 
Figure 1. 

Figures 9 to 1 1 show even more views of the SPM probe of the SPM system of 
10 Figure 1. 

DETAILED DESCRIPTION OF THE INVENTION 

Refening to Figure 1 , there Is shown an exemplary embodiment of an SPM 
1 5 (scanning probe rtcroscopy) ofcject inspection and/or modification system 100 which uses 

new and novel nanomachining and/or other SPM techniques to Inspect and/or modify an 
object 1 02. For example, as will be discussed throughout this document, ttie system can 
be used to perform tests, fabrication (i.e., manufacturing) steps, and/or repairs on 
semiconductor wafers and fabrication masks, lithographic structures (i.e., masters), and 
20 thin film magnetic read/write heads. Additionally, as will also be discussed throughout this 

document, the SPM system can also be used to analyze and/or alter tiiological or 
chemicsd sarr^les. 

The components of the SPM system 100 include a positioning system 103 that 
comprises a rough positioning subsystem 104, fine positioning subsystems 106, a support 

25 table 108, and scanning head support stmctures 1 10. The rough positioning subsystem 

104 comprises a rough 3-D (I.e., three dimensions) translator, such as a mechanical ball 
screw mechanism. The rough positioning subsystem 104 is fixed to the support table 108. 
Each fine positioning subsystem 106 comprises a fine 3-D translator, such as a 
piezoelectric franslator with or without linear position feedback. Each fine positioning 

30 subsystem 1 06 is fixed to a corresponcfing scanning head support structure 1 1 0. Each 

scanning support structure 1 10 is fixed to the support table 108. 

The components of the SPM s^tem 100 also include one or more scanrting 
heads 120. Each scanning head 120 is fixed to a con-esponding fine positioning 
subsystem 106 and is roughly and finely positioned in 3-D (i.e., X. Y, and Z dimensions) 

35 vwth the rough positioning subsystem 1 04 and the corresponding fine positioning 

subsystem 106. This positioning may be done rn order to load and unload various types of 
SPM probes 122 of the SPM system to and from the scanning heads 120 and position the 
loaded SPM probes 122 for calibration and inspection and/or modification of the object 
1 02. This positioning is done with respect to the otyect 1 02, calibration structures 128, 
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probe suppliers 124 and 125, a probe disposal 126, a probe storage site 127. and other 
components 123 of the SPM systenn. 

The components of the SPM system 100 also include a programmed controller 
114 that includes a user interfiace 116. It also includes an object loader 115 that 
5 comprises a load arm 1 17, a positioning system 118 connected to the load arm 1 17, and 

an object storage unit 119. When it is desired to inspect and/or modfy the object 102, a 
user of the SPM system 100 uses the user interface 1 16 to request that the controller 114 
have the object 102 loaded by the object loader 1 15 for inspection and/or modification. 
The controller 114 controls the load arm 117 and the positioning system 103 so as to load 

10 the object 102 from the storage unit 1 1 9 onto the support stage (or object loading site) 

129. The support stage 129 is also one of the SPM system 100's conponents and is 
located on the upper surface of the rough positioning subsystem 104. In loading the 
object 1 02 onto the support stage 129, the object 1 02 Is removed from the storage unit 
1 19 with the load arm 117. The load arm 1 17 is then lowered into a recess of the support 

15 stage 129 so that the object 1 02 rests on the support s^e 129 and no longer on the load 

arm 117. The load ann 1 17 is then slid out of the recess. Similarly, when the inspection 
and/or modification of the object 102 is over, the user requests with the user interface 116 
that the controller 114 have the object 102 unloaded. In response, the controller 114 
controls the load ami 1 17 to unload the object 102 fi-om the support stage 129 and place it 

20 back in the storage unit 119. This is done by sliding the load ami 1 17 into the recess and 

rasing It so that the object 102 rests on the load arm 117 and no longer on the support 
stage 129. The load arm 1 17 is then used to friace the object 1 back in the storage unit 
119. The object loader 115 may be a conventional semiconductor wafer or fabrication 
mask loader used in fabrication of wafers or masks. 

25" As alluded to earlier, the components of the SPM system 100 further include SPM 

probes 122, vertical and horizontal probe suppliers 124 and 125, and a probe storage ate 
127. The SPM probes 122 can be loaded onto each scanning head 120 from the vertical 
and horizontal probe suppliers 124 and 125 or from the probe storage site 127. The 
probe storage site 127 and the probe sup|:ders 124 and 125 are located on the rough 

30 positioning subsystem 104. Each probe suppfier 124 and 125 may supply a different type 

of SPM probe 122 than any other probe suppliers 124 and 125 and comprises a stacking 
mechanism for stacking the same type of SPM probe 122. This may be a spring, air, 
gravity, electromechanical, or vacuum driven stacking mechanism. 

Moreover, when the user wishes to use a particular SPM probe 122 for inspecting 

35 and/or modifying the object 102, the user Instructs the controller 114 with the user 

interface 116 to load this SPM probe 122 onto one of the scanning heads 120. If an SPM 
probe 122 of this type has already been used before and has been stored at the probe 
storage site 127, the controller 1 14 cmtrols the positioning system 103 to position the 
scanning head 120 over this site and lower it onto the SPM probe 122. The controller 1 14 
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then controls the scanning head 120 so that the SPM probe 122 Is loaded onto it. But, if a 
new SPM probe 122 of this type is required because one has not been used or the 
previously used one has become defective, the controller 1 14 controls the positioning 
system 103 to po^on the scanning head 120 over the probe supplier 124 or 125 that 
supplies the desired type of SPM probe 122 and lower it onto the SPM probe 122 that is 
currently at the top of the stack of the probe supplier 124 or 125. The controller 1 14 then 
causes the SPM probe 122 to be popped off of ttie slack and toaded onto the scanning 
head 120, In addition, In the instances described in PCT Patent Appication No. 
PCTAJS98/01528 referenced earlier where active mechanical, electrical, electromagnetic, 
vacuum, hydraulic, pneumatic, fluids, magnetic, or other mechanisms are integrated into 
the SPM probe 122, provision is made on the SPM probe 122 and in the scanning head 
120 for control connections O e., electrical, optical, mechanical, vacuum, etc.). As a 
result, the scanning head may sense optical, mechanical or electrical variations which tell 
the controller 114 which type of SPM probe 122 has been loaded. Thus, different types of 
SPM probes 122 may be loaded through the same probe supplier 124 or 125. The 
different types of SPM probes 122 and probe suppUers 124 an 125 and the specific ways 
in which the SPM probes 122 may be loaded onto the scanning heads 120 is discussed in 
PCT Patent Application No. PCT/LIS98/01528 referenced eariier. 

However, when fte user wishes to use another one of the SPM probes 122 for 
Inspecting and/or modilying the object 102 vwth the same scanning head 120, the user 
instructs the controller 1 14 with the user Interface 1 16 to unload the currently loaded SPM 
probe 122. In response, the controller 1 14 controls the positioning system 1 03 to position 
the scanning head 120 so that the SPM probe 122 that is cumntly loaded is lowered to 
the probe storage site 127 on the rough positioning subsystem 104. Then, ttie controller 
causes the SPM probe 122 to be unloaded from the scanning head 120 onto this probe 
storage site 127. 

in order to calibrate an SPM probe 122 that is loaded onto one of the scanning 
heads 120 and determine whether it is defective, the components of the SPM system 100 
include calibration stmctur^ 128 located on the rough positioning subsystem 104. An 
SPM prot)e 122 may be defective because of wear or because of fabrication errors. For 
each type of SPM probe 122, the controller 114 stores one or more reference parameters 
each associated witii a corresponding calibration structure 128. The controller 114 
controls the positioning system 103, tfie SPM probe 122, and some of the other 
components 123 of ttie SPM system 100 so that various types of reference 
measurements of the calibration stiructure 128 are made with tiie SPM probe 122 or vice 
versa. These reference measurements are then compared with the reference 
parameters. If they do not match within a predefined tolerance level stored by the 
controller 1 1 4 and set by the user with the user interface 1 1 6, tfien the SPM probe 122 is 
considered to be defective. OthenArise, the confroller 114 uses the reference 
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measurements to calibrate the SPM probe 122 in the ways described in PCT Patent 
Application No. PCT/US98/01528 referenced earlier. Furthemiore, the specific types of 
calibrations that can be made for the SPM probes 122 are also described in PCT Patent 
AppficaUon No. PCT/US98/01528 referenced earlier. 

In addition, the components of the SPM system 100 may include one or more tip 
nanomachining structures 121 . At the nanomachining stmcAures 121 , material of the tips 
of the SPM probes 122 may be nanomachined by abrasively lapped and/or chefTicaily 
lapped off. TWs is done by rubbing the material of the Hps against the tip nanomachining 
structures 121. 

The components of the SPM system ICQ also include a probe disposal 126 which 
is used to dispose of (or discard) SPM probes 122 that are defective. In the case of an 
SPM probe 122 that is determined to be defecSve in the manner just described, the user 
can Instruct the controller 114 with the user Interfece 1 16 to have the defective SPM probe 
122 discarded, in response, the controller 114 controls the positioning system 103 to 
position the scanning head 120 over the probe disposal 126 and lower it to the prcrtje 
disposal 126. Then, the controller 114 controls the scanning head 120 to unload flie 
currently loaded SPM probe 122 into the probe disposal 126. 

In an alternative embodiment, each scanning head 120 could be fixed to a 
corresponding rough positioning subsystem 104 and a corresponding fine positioning 
subsystem 106. The probe suppliers 124 and 125, probe disposal 126, and tiie calibration 
structures 128 would then be located on the support table 108. In this way, each scanning 
head 120 could be Independently positioned with respect to the probe suppliere 124 and 
125 and probe disposal 126 for loading, unloading, and disposal of flie SPM probes 122 
and independentiy positioned for positioning an SPM probe 122 with respect to the object 
1 02 for inspection and/or nrodification of the object 1 02 and witti respect to the reference 
structures 128 for cafitM-ation and examination of the SPM probes 122. Moreover, In such 
an embodiment, there would be a corresponding scanning head 120, a corresponding 
rough positioning subsystem 104, and a corre^onding fine positioning sutisystem 106 for 
inspection and for modification. 

The SPM probes 122 include probes with v\rfiich tiie object 102 may be inspected 
in a number of ways using SPM techniques to make SPM measurements. The SPM 
probes used to make such an Inspection include AFM (atomic force necroscopy) probes 
for making AFM measurements, STM (scsmning tunneling microscopy) probes for making 
STM measurements, light emitting and detecting probes for making NSOM (near fieM 
scanning optical microscopy), spectrophotometric, and/or other optical measurements, 
hardness testing probes for hardness measurements, electromagnetic radiation emftflng 
and detecting probes for making electromagnetic radiation measurements, charged 
particle emitting and detecting probes for making charged particle measurements, 
electrical probes for making electrical measurements, electric field probes for making 
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electric field measurements, magnetic field probes for making magnetic field 
measurements, lateral force probes for making lateral force measurements, chemical 
probes for making chennicai combination or bond strength measurements. The various 
types of SPM probes used to inspect the object and the con^esponding kinds of 
inspections they are used to make include those described in PCT Patent Applcation Nos. 
PCT/US98A)1528, PCT/US96/12255, and PCT/US95/09553 referenced eariier. 

The inspecfion is performed with various components of the SPM system 
including the controller 1 14, the user interface 116, the positioning system 103, the 
scanning heads 120, those of the calibration stmctures 128 used to calibrate the SPM 
probes 122, and those of the other components 123 of tiie SPM system 100 that are used 
for making SPM measurements wth the SPM probes 122. in doing so, the user requests 
that an inspection be made with the user interface 116. As discussed later, this inspection 
may be done based on InspecHon data or ginde data generated by the SPM system 100 
or an external system to ttie SPM system 100. VWhen this occurs, one or more of the SPM 
probes 122 are selectively loaded, calibrated, and unloaded In the manner discussed 
eariier for making SPM measurements of the objed 102. Moreover, for each SPM probe 
122 that is used to make certain SPM measurements of fte object 102, the controller 114 
controls the positioning system 103, any of the other components of the SPM system used 
to make these SPM measurements, and the loaded SPM probe 122 so that these SPM 
measurements are made with the SPM probe 122. The controller 1 14 then processes all 
of *ie SPM measuremenfe and generates inspection data (or results) for the object. TOs 
inspecfion data may represent the topography of a volume or surface of the object 1 02 or 
a surtiace or subsurface structure of the object 102. Or, it may represent a parametric 
measurement distribution related to the volume or surface of the object 102 or a sur^K^e 
or subsurliace stmcture of the object 102. It may also include an image and/or analysis of 
the object. The analysis may be of the electrical, opBcal. chemical, including catalytic), 
and/or biological (including morphological) jwoperties, operation, and/or charactertetics of 
the object. 

Although it may be desired to simply inspect the object 102, certain components 
of the SPM system 100 are used to make a modification to the object 102. The SPM 
probes 122 also include SPM probes 122 with which the modification may be made in a 
number of ways. Tills modification may be simply to remove particle contaminants on the 
object or more importantly to stmcturally and/or chemically modify the material of the 
object by removing, defonring, and/or chemically changing a portion of it or adding other 
material to it The SPM probes used to make such a modification include SPM probes for 
nanomachining the object 102 by making cuts in the object 102, milling the object 102, 
vacuum arc deposition or removal of material on or flxim the object 102, pumping fluid 
material to or ft-om the object 1 02, irradiating the object 102 with charged paitides, 
heating the olqect 102. and chemically modifying the object 102. These SPM probes 122 



and the corresponding kinds of modifications tiiat can be made with them are further 
described in PCT Patent Application Nos. PCT/US98/01528, PCT/US96/12255, and 
PCT/US95/095S3 referenced earlier. Furthermore, some of these SPM probes 122 may 
also be used to Inspect the ot^ect as also discussed in PCT Patent Application Nos. 
PCT/US98/01528, PCTAJS96/12255, and PCT/US95/0955. 

The components of the SPM system 100 used fcM-thls purpose include the 
controller 114, the user Interface 116, the positioning system 103, the scanning heads 
120, those of the calibration stmctures 128 used to calibrate the SHVl probes 122, and 
those of the other components 123 of the SPM system that are used in making 
modifications to the object 102 with the SPM probes 122. With the user interface 1 16, the 
i^er requests that a modificafion be made to the object 102. As discussed later, this 
modification may be performed based on inspecfion data or guide data generated by the 
SPM system 100 or based on inspection data or guide date generated by an external 
Inspecfion system to the SPM system 100. Then, one or more of the SPM probes 122 are 
selectively loaded, cafibrated, and unloaded In the manner described earlier to make the 
desired modification. Furthemnore, for each SPM probe 122 used to make a desired 
modification to the object, the controller 114 controls the positioning system 103, any of 
the other components of the SPM system 1 00 used in making this modification, and, if 
needed, the SPM probe 122 so that this modificafion is made. 

Controlling Positioning System to Create Complex Motion 

The controller 114 controls the operation of the positioning system 103 shown in 
Figure 1 . In doing so, the controller 1 14 can individually drive the X, Y, and Z pi^oeleclric 
drives of the rough positioning subsystem 104 and can individualiy drive the X, Y, and Z 
piezoelectric drives of each fine positioning subsystem 106. 

In order to perfomithe SPM measurements of the kind described eartier, the 
controller 1 1 4 can control the positioning of the SPM probes 1 22 that are used to make 
SPM measurements In the conventional way. This Involves moving such an SPM probe 
122 from scan point to scan point with respect to the object 102 by only driving tiie 
positioning system 103 In one of the X, Y, and Z dimensions at a time during the scan. 
Specifically, in order to position the tip of such an SPM probe 122, the positioning system 
103 IS driven In only the X dimension or only In the Y dimension in order to move from one 
scan point to another scan point. Moreover, the portioning system 103 Is not driven in 
the Z dimension simultaneously while rt is driven in the X or Y dimension, instead, the 
positioning system 103 is under the servo (i.e., feedback) control of the controller 114 In 
the Z dimension. As a result, positioning of such a probe in the Z dimension is done 
separately at each scan point. This is typically done in order to prevent ttie tip of the SPM 
probe 122 from crashing Into the object 102. 
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However, the controller 1 14 can also control the positioning of the SPM probes 
122 that are used to make SPM measurements in a non-conventional way. Specifically, 
the controiier 114 controls positioning of such an SPM probe 122 by moving it with respect 
to ttie object 102 by driving the positioning system 103 in all three of the X, Y, and Z 
5 dimensions simultaneously to perfomn the SPM measurements. Thus, the tip of such an 

SPM probe 122 can be moved in a series of 3-D {three dimensional) vectois to pass 
through the loci (i e., points with X, Y, and Z coordinate values) of a selected complex 
motion. The selected complex motion fomied with this series of 3-D vectors n^y define a 
laiger 3-D vector, arc, curve, surface, or volume and may not be a function. As a result, 

10 the SPM probe 122 can be moved with such a complex motion in and out of and up and 

down along the surface or volume of the object 102 or a subsurface or surface structure of 
the object 102 to make the SPM measurements. In view of the foregoing, this surface or 
volume may in fact not be a function. 

As mentioned eariier, the SPM system includes SPM pmbes for making 

1 5 modifications to the object 1 02 by nanomachlning the object 102. For example, the object 

may be nanomachined by making cuts in or milling the object 102. The controller 114 
controls positioning of such an SPM probe 122 in a complex motion in a similar manner to 
that Just discussed by driving tiie positioning system 103 in all three of the X, Y, and Z 
dimensions simultaneously to perform the nanomachlning operation. This means that the 

20 tip of such an SPM probe 122 can also be moved in a series of 3-D (three dimensional) 

vectors to pass through the tod of the selected complex motion. Thus, the complex 
motim of the tip of such an SPM probe can be a series of 3-D vectors defining a larger 
3-D vector, arc, cuwe, surface, or volume. As a result, the tip of the SPM probe 122 can 
be moved along a selected complex motion tiiat is not even a function to make the 

25 nrKxiification. 

This process is also applicable to performing the sweeping motions described 
earlier. In this way, 2-D or 3-D sweeping motions can be performed for sweeping away 
debris particles that are caused by modifications made with the SPM probes 122. 

30 Inspection and/or Modification Modes 

It is often desired to perform nanomachlning and other SPM operations on an 
object or a selected surface or subsurface stoicture of an object 102. In a first mode of 
the SPM system 100, an initial inspection of the object 102 is first perfonned. This may be 
35 done by making a first scan of the object 102 witii one or more of the SPM probes 122. 

Alternatively, it may be done vwtiiout doing such a first scan (i.e., witiiout the SPM probes 
122) and using some of the other components 123 of the SPM system 100 instead. 

in the case where the initial inspection is made with one or more SPM probes, the 
first scan is made along the existing surface or volume of the object 102 or the selected 
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structure of the object 102. Since the existing surface or volume may in fact be a non- 
function, this scan can be made because the SPM probes can be driven in complex 
motions, as described earfier. The SPM probes make SPM measurements from which 
inspecBon data Is generated. This Inspection data may represent either an inspected 
5 topography (i.e., a simple felse surface that is a function), tme surface (lq., complex 
surfiace that is a non-function), or volume O-e., nonfunction) of the object 102 orihe 
selected structure of the object 102. Or, it may represent an inspected parametric 
measurement distribution which may or may not be related to the existing surface or 
volume of the object 102 or the selected structure. The actual parametric measurBment 
10 distribufion may or nrray not be a function depending on the corresponding parameter 

Ijeing measured and its distribution. Any non-function surface or volume can be simplified 
into a topographic representation whettier or not the existing surface or volume is a 
function. 

As mentioned eariier, the SPM probes 122 used to make such an inspection 

1 5 include AFM (atomic force microscopy) probes for making fiFM moMurements, SIM 
(scanning tunneling irtcroscopy) probes for making SIM measurements, light emitting 
and detecting probes for making NSOM (near fiekl optical micioscopy), 
spectrophotometric, and/or other opfical measurements, hardness testing pioises tor 
hardness measurements, electromagnetic radiation emitting and detecting probes for 

20 maldng electromagnetic radiation measurements, charged particle emitting and detecting 

probes for making charged particle measurements, electrical probres for making electrical 
measurements, electric field probes for making electric field measurements, magnetic 
field prob^ for making magnetic fieki measurements, lateral force probes for making 
lateral force measurements. The ins|3ection can be made with any combination of one or 

25 more of these SPM probes 122. 

In the case where the initial Inspecb'on is n^de without doing a first scan using 
some of the other components 123 of the SPM system 100, such an inspection may be 
made in the manner described in PCT Patent Application Nos. PCTAJS98/01528, 
PCT/US96/12255, and PCTAJS95/0955 referenced eariier. For example, this may be 

30 done In such a way that the object 102 is inspected so as to simulate or emulate its use in 

the environment in wHch it is normally used to generate the inspecQon data. 

After the initial inspection is made, an SPM operation is perfomned by making a 
second scan of the object 102 based on the inspection data. Ttiis SPM operation may be 
another inspecBon of the ofcyect 102 or a modification of the object 102 by nanomachining. 

35 This may be done with the same SPM probe 122 used in the first scan and/or with one or 

more other SPM probes 122. Furthermore, this operation may be performed directly 
based on the inspection data or it may be performed based on guide data generated from 
the inspection data. 
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In the case where the SPM operation is performed directly based on the 
inspection data, the second scan is made along the actual topography, actual true 
surface, actual volume, or actual parametric measurement distribution (such as magnetic 
field, electric fi^d, temperature, or other measurement distribution) represented by the 
taiget da^ represented by the inspection data. Since the actual true surface, actual 
volume, or actual parametric measurement distribution may be a non-liinction, the second 
scan can be made because the SPM probes can be driven in complex motions, as 
described eariier. 

In the case where the SPM operation is perfonned based on guide data 
generated fix>m the inspecSon data, the guide data may be generated by comparing the 
Inspection data with target data representing a target topography, tme surface, volume, or 
parametric measurement distribution. For example, if the target data and the inspection 
data do not match within a predefined tolerance level stored by the controller 1 14 and 
specified by the user with ttie user interface 116, the controller 1 14 geneiates guide data 
for guiding the perfonnance of a mocfification that needs to be made to the object 102 to 
fall within ttie tolerence level. Furthermore, the guide data may represent a complex 
motion, such as a guide topography, tme surface, volume, or parametric measurement 
distribution that is related to the actual and target topographies, tme surfaces, volumes, or 
parametric measurement distributions. Since the actual and target tme surfaces, 
volumes, or parametric measurement distributions may be non-functions, the complex 
motion may itself be a non-function. The second scan is made along the loci of this 
complex motion to perfomithe SPM operation. Again, the second scan can be made 
because the SPM probes can be driven In complex nrrotions, as described eariier. 

In the case where the SPM operation is a modification to the object 102, the 
process just described can be iteratively repeated until the generated inspection data 
converges to the target data so as to be within the predefined tolerance level. As will be 
discussed later, this mode is particulariy useful in fabrication and/or repair of 
semiconductor wafers and fabrication masks, lithographic stmctures, thin film magnetic 
read/write heads, and SPM probes. It is also useful in direct manipulation of DNA, RNA 
and other biochemical elements and chemical catalysts. 

In a second mode, the inspection data generated from the initial inspection may 
be used to simply locate and Identify a reference point on ttie existing surface or volume of 
the ol3|ect 102 or stmcture of the object 102, This may be done by comparing the 
Inspection data wMi target data for ttie ot>ject 102. Then, predefined or pre-generated 
guide data received from an external system to the SPM system 100 is used for 
perfomriing the SPM operation ntade with the second scan. This guide data is not 
generated from or based on the inspection data and may represent a complex motion, 
such as a guide topography, frue surface, volume, or parametiic measurement 
distribution. For example, the complex motion may be a previously calculated shape or 
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tod, such as the shape of a particular feature on a semiconductor mask derived from an 
electronic database of shapes and positions corresponding to a desliBd guide mask, 
which describes the cut motion of the fip of the SPM probe 122. The reference point In 
this case may be some local structure. Then, the first mode of the SPM system 100 may 
be used to further Inspect and/or modify the object 102. This second mode is useful in 
fabrication and/or repair of semiconductor wafers and fabrication masks, Othographic 
structures, thin film magnetic read/write heads, and SPM probes where the type of object 
102 is already known and the desired inspection or modification is already known or pre- 
defined. 

In a third mode, an initial inspection is not even made. Instead, using well known 
techniques, an SPM probe is broi^ht Into contact or a known near contact vwth the 
existing surface or volume of the object 102 or the structure of the object 102. In doing 
so, inspection data is not generated. Then, the pre-defined or pre-generated guide data 
received from an external system to the SPM system 100 is i^ed for the scan in which the 
SPM operation is perfiomned. In doing, so the scan is made along the guide topography, 
tme surface, volume, or parametric measurement distribution represented by the guide 
data. Once again, the first mode of the SPM system 1 00 may then be used to further 
inspect and/or modify the object 102. As with the second mode, this third mode is useful 
in fabrication and/or repair of semiconductor wafers and fabrication masks, lithographic 
structures, thin film magnetic read/write heads, and SPM probes where the type of object 
102 is already known and the desired inspection or modification is already known or pre- 
defined. 

Moreover, in some cases the inspec^on data used to generate guide data need 
only represent the boundaries of the surface or volume of the object 102 or the selected 
structure of the object 102. For example, the initial inspection data fi-om an initial 
inspection by the SPM system 100 or from an external system to the SPM system 100 
may be analyzed by the controller 1 14 to locate the guide surface or volume on which a 
selected structure of the object 102 lies. This guide surface or volume is represented by 
initial guide data. Then, a first scan is made according to the initial guide data to generate 
additional inspection data representing the boundary of the stixicture on the guide surface 
or volume. In ddng so, only tiie x,y coordinates of the points defining the boundary are 
recorded and stored. Then, by comparing this additional inspection data with the target 
data, additional guide data is generated. TTien, the first mode of the SPM systwi 100 
may be used to further inspect and/or modify tiie object 102. This second mode is also 
useful in fabrication and/or repair of semiconductor wafers and fabrication masks, 
lithographic sti-uctures, thin film magnetic read/write heads, and SPM probes where ttie 
typeof object 102. 

in some cases, the inspection data used to generate guide data need only 
represent the boundaries of a sample topography, true surface, volume, or parametric 
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measurement distribution of the object 102 or a selected structure of the object 102. For 
example, the inspection data from an initial Inspection by the SPM system 100 or from an 
external system to the SPM system 100 may be analyzed by the controller 1 14 to locate a 
guide topography, true surface, or volume on which a selected structure of the object 102 

5 lies or locate a sample parannetric measurement distribution ofttie object 102. in 

response, the controller 114 generates first guide data representing tHs guide topography, 
tme surface, volunne, or parametric measurement distribution. 

Then, a first scan Is made according to this first guide data and with respect to the 
guide topography, true surface, volume, or parametric measurement cBsiribulion to 

1 0 generate inspection data representing the boundary of the structure on the guide 

topography, true surface, volume, or parametric measurement distribution. In doing so, 
only the x,y coordinates of the points defining the boundary are recorded and stored. The 
points within the boundary are Identified during the first scan when they sut)stantiaily 
deviate from the corresponding point of the guide topography, tme surface, volume, or 

1 5 parametric measurement distribution represented by the inspecb'on data. These points 

are not recorded and stored. 

For example, in nanomachining of a semiconductor mask, in some cases It is 
desirable to inspect the surface in the general area to be nanomachined so as to 
detemrnne the orientation of the plane which Is copianar with the glass or quartz substrate 

20 on which the Chrome of the mask li^. As mentioned eariier, the inspection data 

representing this surface may be generated by the SPM system 100 or by an externa! 
system to the SPM system 100. The Inspection data is fiien analyzed to determine this 
plane. Then, inspection data representing the boundary ^.e., the x,y coordinates) of the 
inlfial distribution of Chrome with respect to this ptene is generated in the manner just 

25 discussed. Then, t»sed on Vms inspecfion data and the target data representing the 
desired distribution of Chrome, a guide data set Is generated for removing the excess 
Chrome. 

Altemalively, the first scan is made according to the first guide data and with 
respect to the guide topography, tme surface, volume, or parametric measurement 

30 distribution to generate inspecfion data representing a non-conforming (i.e., deviating) 

bourxiary of the guide topography, true surface, volume or parannetric measurement 
distribution. In this case, the pointe within the non-conforming boundary are identified 
during the first scan when they substantially deviate trom the correspondir^ point of ^e 
taiget topography, true surface, volume, or parametric measurement distribution 

35 represented by the target data. Thus, only the x,y coordinates of the points definir^ the 

non-confomrung boundary are recorded and stored. 

Referring to Rg. 9, in both cases, the controller 114 causes the first scan to be 
made at scan points along a selected direction. The controller 114 discontinues the first 
scan when a point A of one edge of the topographic, tme surfiace, volume, or parametric 
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boundary is reached. In otiier words, when a deviation occurs at point A. The controlier 
114 then resumes the scan when a pre-defined skip distance D is reached. This skip 
distance D is pre-defined based on the type of inspection being made. If there is no 
deviation at this scan point then the controller 1 14 continues the scan in the selected 
5 direction. However, if there is still a deviation at this scan point, then the controller 1 14 

discontinues the first scan for another skip distance D and the temporary total ^p 
distance 2D is added and stored. This process is repeated until no deviation occurs (i.e., 
the guide topography, surface, volume, or parametric measurement distribution is 
reached). A corresponding retum motion is used to determ'ne the point B of the other 

10 edge of the topographic, true surface, volume, or parametric boundary. Once this 

opposite edge is found, the temporary total skip value 2D is used to fly to or past the 
original edge A of tiie boundaryJsefbre the scan is continued. 

In this way, tiie first scan has exactly bracketed the surfeice, volumefiic, or 
parametric boundary for furtiier use or measurement. This reduces the data requirement 

15 lor measurement or mocfification of the object 1 02 and substantially decreases the scan 

time of the first scan. 

Then, the SPM operation is performed by maldng a second scan of the object 102 
based on tiie inspection data. As alluded to earlier, this may be done directly based on 
the inspection or guide data generated by comparing the inspection data to the target 

20 data. Then, the first mode of the SPM system 100 may be used to furtiier inspect and/or 

modify the object 1 02. This second mode is also useful in fabrication and/or repair of 
semiconductor wafers and fabrication masks, lithographic structures, thin film magn^c 
read/write heads, and SPM probes where the type of object 1(Q. 

25 SPM Probe 122 and Housing 120 Configuration 

Referring now to Figure 2, there is shown one type of SPM probe 122 for use in 
inspecting and/or modifying the object 102. This particular SPM probe 122 n^y be used 
to make SPM measurements of the object 102, such as AFM, STM, NSOM, 

30 spectrophotometric, and/or other optical measurements, and/or it may be used to make 

modifications to the obiect 102 by making cuts In the object 102. This SPM probe 122 Is 
of the type disctosed in PCT Patent Appfication Nos. PCTAJS98/01528, PCT/US96/12255, 
and PCT/US95/0955 referenced earlier. 

The SPM probe 122 has a base 130 and apertures (or openings) 132 that define 

35 corresponding inner perimeter surfaces 1 34 of the tjase. The probe also has several 

cantilevers 136 each connected to the base and extending into a corresponding aperture. 
On each cemfiiever is a conresponding tip 138. Each cantilever and con^esponding tip form 
a correspondng SPM tool 137 that is used in making the SPM measurements and/or cuts 
(i.e., modifications). This SPM tool 137 is attached to the base, disposed in the 
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corresponding aperture, and framed (or sunvunded) by the corresponding inner surface 
of the base. 

As shown in Rgure 3, when not engaged for inspecting and/or modifying the 
object 102, each SPM tool 137 of the SPM probe 122 is normally kept in the 
5 corresponding aperture 132 between the upper and lower surfaces 140 and 142 of the 

base 130 so that the tool, and in particular the tip 138, is protected from being damaged 
during loading onto and unloading from one of the scanning heads 120. Moreover, 
referring to Figure 1 , the probe may be sup|:died by one of the probe supplim 124 that 
has a vertical stacking mechanism and extends verticaiiy up tiirough the rough positioning 
10 subsystem 104. In such a probe supplier, the probe can be vertically stacked on top of 

other probes of this type without damaging the tools of the probe. 

Furthermore, referring to Rgure 3, each tool 137 of the pFot)e 122 can be used to 
make NSOM, spectrophotometric, and/or other optical measurements in order to inspect 
the object 102. Thus, for each tool of the probe, the probe includes a cmresponding iens 
15 147 and iens support 149 that supports tiie lens. As with the tip and cantilever of each 

tool, the lens and lens support for each tool may be integrally formed together with the 
base 130 or the base may be formed on and around the lens support. This is also done 
using conventional semiconductor manufecturing techniques. 

Referring to Rgures 4a and 4b, the iens 147 of each tool 137 may include a 
20 clamping device 400 to provide clamping of tiie cantilever 1 36 of the tool 137. An optically 

transparent insulating layer 401 , such as silicon dioxide, is formed on the lower surfiace of 
the lens 1 47 (or sinrtllar support member) or the upper surface of the cantilever 1 36. For 
STM and/or NSOM measurements and for making cuts in the object 102, the controller 
1 14 causes the damping drcut 404 of the other components 123 of the SPM system 100 
25 to apply an appropriate voltage between the lens 147 and the cantilever 136 so as to form 

a c^adtive structure which electrostatically clamps the motion of the cantilever 136. 
Those skilled in the art will appredate that this configuration can additionally be used to 
damp, drive, or detect the motion of the cantilever 136 depending on how the tool 137 is 
being used. 

30 Alternatively, the dampng device 400 may comprise optically transparent and 

conductive cdl patterns 402 and 403 respectively formed on the hiwer surface of iens 147 
and the upper suriace of the cantitwer 136, as shown in Rgure 4c. The coil patterns 402 
and 403 may be fbrnned from indium Tin Oxide. For STM and/or NSOM m^surements 
and for making cuts in the object 102, the controller 114 causes the clamping drcuit 404 

35 to apply voltages to the coil patterns 402 and 403 so that their currents are opposite in 

direction. As a result, an attractive magnetic field Is created which immoisilizes (i.e., 
clamps) the cantilever 136. Those skilled in the art will appreciate that one of the coil 
patterns 402 or 403 may be replaced with a permanent magnet formed with a thin film of 
samarium cobalt or other permanently magnetizable material. Moreover, this 
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arrangement may aiso be used to damp, drive, or detect the motion of cantilever 
depending on how the tool 137 is being used. 

Rgures 10a and 10b show other alternative configurations for the clam^Mng device 
400. In this case, the SPM probe 122 comprises a cantilever assembly 405 that 
5 comprises a base 406, the cantilever 1 36, the tip 1 38, and the clamping device 400, The 

clamping device 400 comprises a damping arm 407 integrally connected to the base 406. 
The lens 147 and the lens support 149 of the SPM probe 122, which are shown In Rgure 
2 and described eariier, are not shown in Rgures 1 0a and 10b for ease of Hlustraton. The 
clamping arm 407 is L-shaped and extends out from the base 406 past and adjacent to 

1 0 the free end 41 0 of the cantilever 1 36. The clamF»ng arm 407 has slots 408 which form 

action joints 409 at the closed ends of the slots 408. 

In the configuration shown In Rgure 10a, heating elements 411 are disposed on 
the clamping arm 407 at the action joints 409. For STM and/or NSOM measurements and 
for making cuts in the object 102, the controller 114 causes the clamping drcuit 404 to 

1 5 generate a damping ami movement signal provided to the heatif^ elements 41 1 . The 

heating elemente 41 1 are responsive to the clamping arm movement signal and heat the 
action joints 409 so that the clamping arm 407 thermally expands at the acfion joints 409 
and the free end 412 of the clamping amn 407 moves in and presses finnly against the 
free end 410 of the cantilever 136. As a result, the cantilever 136 is immobilized and held 

20 rigidly against the clamping arm 407. 

Altematively, an elecfrode 413 may be fixed to the clamping arm 407, as shown in 
Rgure 10b. In response to the damping arm movement signal provided by the clamping 
circuit 404, the eledrade 413 appUes an eledrostatic charge to the damping ami 407. As 
in the configuration of Rgure 10a, the damping ami 407 spends at the action joints 409 

25 so that the free end 412 of the clamping arm 407 moves in and presses against the free 

end 410 of the cantilever 136. 

Rgures 11a and 11b show other alternative configurations for the clamping device 
400. Here, a clamping sfructure 414 that is Integrally formed with tiie base 406 and 
surrounds the cantilever 136. The damping staidure 414 has slots 415 which form action 

30 joints 41 6 at the dosed ends of the slots 41 5. Similar to the embodiment of Rgure 1 0a, 

heating elements 41 1 are disposed on the clamping stmdure 414 at the action joints 416. 
For STM and/or NSOM measurements and for making cuts In the object 102, the 
confroller 114 causes the damping drcuit 404 to generate a danrping stirudure movement 
signal provided to the heating elements 41 1 . The he^ng elem^ 41 1 heat the action 

35 joints 41 6 so that the damping structure 41 4 expands at tiie action jdnte 416 and the 

clamping arms 417 of tiie clamping structure 414 move in and press firmly against the 
sides of the cantilever 136. 

Altematively, an electrode 413 may be fixed to the clamping stmdure 414, as 
shown in Rgure lib. Sinrttlar to the configuration of Figure 1 0a, the eledrode 413 applies 



20 



wo 01/03157 



PCT/USOO/18041 



an electrostatio charge to the clamping struchjre 414 In response to the clamping 
structure movement signal prowded by the clamping circuit 404. As in the configuration of 
Figure 11a, the clamping structure 414 expands at the acfion joints 416 and the clamping 
amis 417 move in and press against the sides of tiie cantilever 136. 
5 Refening back to Figure 2, and as mentioned earlier, the probe 122 has multiple 

tools 137 each comprising a cantilever 136 and a tip 138 on the cantilever. Jhiis, when 
the tip of one of the probe's tools is determined to be defective in the manner to be 
described later, then another one of the probe's tools with a tip detemiined not to be 
defective can be used for inspec^ng the object 102 vwthout having to load another probe 
10 of this type. 

Figure 5 shows the way in which the probe 122 is loaded onto one of the scanning 
heads 120. The scanning head includes a housing 154 with a probe holding plate 156. 
As shown in Rgure 6. the probe holding plate includes a seat 158 fomied by a recess in 
the probe holding plate that is In the shape of the base of the probe and seats (or holds) 

15 the probe. And, the other components 123 of the SPM system 100 include a rotary cam 

assembly 160 that is fomied in the probe holding plate. Thus, when the probe is being 
loaded onto the scanning head in the manner described earlier, tfie controller 114 controls 
the rotary cam assembly so that its rotary cam rotates and presses against the probe and 
locks it into prface in the seat of the probe holding plate. In this way, the probe is loaded 

20 onto the scanning head. Similarly, when the probe is being unloaded from the scanning 

head in the manner described eariier, the controller controls the rotaiy cam assembly so 
that the roteiy cam rotates and no longer presses against the probe and unlocks it from 
the seat of the probe holding plate. 

Furthermore, as shown in Figure 3, the base 130 of the SPM probe 122 has a 

25 tapered outer perimeter surface 157 so that the bottom surface 142 has an area larger 

than that of the top surface 140. In addition, referring to Figure 6, the bottom surface has 
an area larger than that of the recess that fornns the seat 158 in the probe holding plate 
156. Thus, as shown in Figure 5, when the probe is loaded onto one of the scanning 
heads 120, the base of the probe is wedged into the recess so that the probe is property 

30 seated in the seat of the scanning head's probe hoWer 156 with no movement between 

the probe and the probe hokling plate. 

Refening now to Figures 5 and 7, fixed to the probe hokling plate 156 are lip 
actuators 174 that are each used to selectively activate and deactivate a con-esponding tip 
138 of the SPM probe 122 for use in inspecting the object 102. Each tip actuator Includes 

35 an L-shaped lever arm 170, a pivot 171 , an engagement transducer 172, and an 

adjustment transducer 173. The L-shaped lever arm has one end fixed to the 
engagement and adjustment transducers and a rounded end that extends Into an aperture 
159 in the seat 158 of the probe holding plate 156. The engagement and adjustment 
transducers may each comprise a material, such as a piezoelectric material or a resistive 
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metal (e.g., Nickel Chromium alloy), which change dimensions when a voltage or current 
signal is applied to it. Altemafively, electromagnetic or electrostatic transduceis or 
actuators could be used. 

The other components 123 of the SPM system 100 also include a tip actuator 
control circuit 1 75. in selecHvely activating the tip 1 36 of one of the SPM tools 1 37 of the 
SPM probe 122, the controller 114 causes the control circuit to control the change In 
dimension of the engagement transducer 172 of the corresponding tip actuator 174 so 
that it pushes up on the end of the lever ami 170 to which it Is fixed. In response, the 
lever arm pivots on the pivot 171 and, as shown in Figure 8, the rounded end of the lever 
ami extends down through the aperture 159 in the seat 158 of the holding plate 156 and 
into the corresponding aperture 132 of the probe. In doing so, the rounded end engages 
and presses against the conresponding cantilever 136 so as to push down on it As a 
result, the cantilever bends so that the tip 138 on the cantilever is moved below the lower 
surface 142 of the base 130 of the probe and is activated for operation In inspecting the 
object 102. Similarly, the tip is selectively deactivated when flie contrt>ller controls the 
change in dimension of the engagement transducer 172 of the con-esponding tip actuator 
so that it pulls down on tiie end of the lever arm to which it is fixed. In response, the lever 
ann pivots on the pivot and the rounded end of the lever arm extends up so that the 
cantilever bends up until tiie tip is located above tiie lower surface of the base. As a 
result, and tip is then protected against being damaged. 

In altemative embodiment, each tool 137 of the probe 122 may include an 
electrostatic (l^e., capacitive) tip achjator. Such a tip actuator would be configured and 
openate like those described in PCT Patent Application Nos. PCT/US98/01528 referenced 
earlier. 

Refening to Rgure 5, each scanning head 120 has imaging optics 226, The 
imaging optics are used to make an optical image of the object for properly inspecting the 
object 102 with the probe 122, These imaging optics 226 include image forming optics 
228 and the lenses 202 and 203. The image fonning optics may be conventional or 
confbcal image forming optics as found In a conventional or confocal microscope. This 
land of arrangement nrray be configured in the manner described in U.S. Patent 
Application No. 08/613,982 referenced earlier where the image forming optics are located 
externally fi-om the scanning head. 

The imaging optics 226 may be used to produce a low magnification optical image 
of the object 102 or a calibration stmcture 128. Specifically, the controller 1 14 causes the 
positioning system to scan the object 102 or a calibration structure 128 with the scanning 
head 120. At each scan point, ttie image forming optics 228 causes light to be directed to 
the lenses 202 and 203 which focus the light on tiie object or calibration structure. The 
resulting light reflected by the object or calibration stiucture is directed back to the image 
forming optics by the lenses. The image fomning optics detects this resulting light and in 
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response forms an optical image of the object or calibration structure. This optical image 
is then provided to the controller. 

The optical images produced by the Imaging optics 226 may be used by the 
controller 1 14 in various ways. They may be used in conjunction with SPM 

5 measurements to inspect the object in the manner described in U.S. Patent Application 

Nos. 08/906,602, 08/885,014. 08/776,361. and 08/613,982. Or, they may be used to 
produce complete images of the nKKJificalions being made to the object or the calibrations 
being made to the probe 122. SpedficaOy, the image optics may be used to find reference 
pdnts and/or specific (optically) resolvable structures to be modified and/or inspected. 

0 Referring again to Figure 1 , the activated tip 138 of the probe 122 may be used to 

inspect the object 102 by performing SPM measurements of the object. Thus, when the 
user instructs the controller 114 with the user interface to use the activated tip to perform 
SPM measurements, the controller controls the positioning subsystem 103, the 
corresponding components 123 of the SPM system 100, and, as needed, the probe in 

5 inspecfing the object 102. This is done by causing the probe to be scanned over the 

object and the desired SPM measurements of the object to be vna6e at selected scan 
points. 

For example, turning to Figure 5, the SPM measurements may include AFM 
measurements made by scanning the activated tip 138 over the surface 166 of the object 

[0 1 02 and measuring the deflection of the cantilever 1 36 on which the tip is located at 

selected scan points. This is done vAih the cantilever deflection measurement system 
200. The cantilever deflection measurement system has optics that comprise a light 
source 201 . lenses 202 and 203, and a photodetector 204. As is well known to those 
skilled in the art, the optics 201 to 204 are used as an interferometer to optically detect 

IS and measure the deflection of the cantilever 136. This kind of arrangement may be 

configured in the manner described in U.S. Patent Application No. 08/613,982 referenced 
earlier where the light source and photodetector are located extemally from the scanrung 
head. Alternatively, the cantilever deflection measurement system may comprise 
components to electrostatically (ue,, capacitively) or piezoelectrically detect and measure 

^0 the cantilever deflection. 

FurUiermore, the SPM measurements nr^ also include STM measurements 
made by scanning the activated tip 138 over the surface 166 of the obiect 102 and 
causing and measuring a tunneling current between tiie activated tip and the object at 
selected scan points. This is done with the STM measurement circiit 213 In the same 

is way as described eariier for calibrating the positioning of the tip 1 38. 

Hie SPM measurements may also include radiation measurements made by 
scanning the activated tip 138 over the surface 166 of the object 102 and causing optical 
interaction between the tip and the object 1 02 at selected scan points. This may done in 
the manner discussed earlier for calibrating the position of the tip. 
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The SPM measurements just described may be combined together or used 
separately by the controller 1 14 to generate the inspection data for the object 102. As 
described eariier, this may Include an image of the object and/or various analysis of the 
object and nnay be done in the manner described in U.S. Patent Application Nos. 

5 08/906,602, 08/885,014, 08/776,361, and 08/613,982 referenced eariier. 

For example, the AFM, STM, and radiation measurements may be combined to 
generate an image of the object with the AFM measurements being used to produce the 
basic image and the STM and radiation measurements being used to supplement the 
basic image. The AFM measurements would provide information about the heights of the 

10 surface at the various scan points. The STM measurements would provide information on 

the electrical properfies of the object with which to supplement the basic image and the 
radiation measurements would provide information on the composition of the object (from 
the measured wavelength spectmm) with which to supplement the basic image. In 
addition, if the narrow t>eam of light used in producing the radiation nrieasurements is 

15 rotationally polarized, as described in the patent applications just referenced, then the 

radiation measurements can t>e used to identify deep surface features, such as a F»t, wall, 
or projection, and supplement the basic image with this infonnation. Additionally, the STM 
measurements could simply be used by themselves to generate an electrical map or 
analysis of the object's conductivity and electrical properties according to the positioning of 

20 the tip in making the STM measurements. And, the radiation measurements could be 

used to generate a compositional analysts on the composition of the object mapped 
according to the positioning of the tip in making the radiation measurements. The AFM, 
STM, and radiation measurements can be made simultaneously during the surface scan 
using an activated tip 138 of the SPM probe 122. 

25 Furthermore, as discussed earlier, the inspection data may be used to modfy the 

object 1 02. In doing so, the controller 114 may conrpare the generated inspection data 
with target data that It stores. The target data may include a target image and/or analysis 
of the object which are compared with the generated image and/or analysis of the object. 
The resulting modification data from this comparison Indicates where and how the object 

30 needs to be modified in order to fell within a predefined tolerance level of the reference 

parameters. Then, based on the modification data, the controller controls modificafion of 
the object 102 using the probe 122 or one or more of the other SPM probes described 
herdn. 

Refening to Rgures 1, 5, and 8, as mentioned earlier, an activated tip 138 of the 
35 SPM probe 122 can also be used to make SPM modifications of the object 102 by making 

cuts in ttie material of the object. This Is done when the user instructs the controller 1 14 
with the user interface 1 16 to use the SPM probe 122 to perform this operation. In tiie 
manner described earlier, tiie controller 1 14 controls loading of tiie cutting probe onto ttie 
scanning head 120 and the activation of the tip 138 of one of the tools 137 of the SPM 
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probe 122. Then, the controller 1 14 controls the positioning system 103 to lower the 
activated tip 138 onto the material of the object 102 such that the activated tip pushes 
dovm on the material with sufficient force to make a desired cut in the material when the 
tip is dragged across it. Then, the controller 1 14 causes the positioning system 103 to 
5 drag the tip in this way and make the desired cut. The controller 1 14 then causes the 

positioning system 103 to raise the tip from the cut or return It to the beginning of ttie cut 
stroke without lowering it into the material 

As mentioned eariier, the SPM probe 122 may have multiple cutting tools 137. 
These tools 137 may have different tips 138 witii different aiffing angles. In this case, the 
10 controller 114 selects the cutting tool 137 witii the appropriate cutting angle to perfbmi the 

desired cut. 

The amount of force with which the activated tip 138 of the SPM probe 122 
pishes down on the material may be selected and selectively adjusted. Referring back to 
Figures 7 and 8, the controller 114 causes tiie tip activation circuit 175 to control the tip 

1 5 actuator 174 in order to do ttiis. Specifically, the tip acfivation circuit causes a change in 

the dimension of the adjustment transducer 173 so that it pushes or pulls against the end 
of the lever arm 170 to which it is fixed. In response, the lever arm is moved over the 
pivot 171 so that the pivot point of the lever arm (about vMch the lever arm pivots on the 
pivot) will change. This changes the point at which the rounded end of tiie lever ann 

20 contacts the cantilever 136 on which is located the activated tip. Since this contact point 

is also a pivot point for the deflection of the cantilever, the amount offeree impaited on the 
target area depends on the location of this contact point. In this way, the amount of fome 
imparted by the activated tip can be selected and selectively adjusted. 

This is particulariy useful in repairing and/or performing fabrication steps on a 

25 semiconductor wafer or fabrication mask. In particular, when excess material is on the 

wafer or mask, the SPM probe 122 may be used to perform a p-ecise cut to remove or 
etch away this material. 

Moreover, this is also useful in performing predsion repairs and/or fabrication 
steps of a magnetic microstructure. Specifically, a gap between magnetic elements of the 

30 magnetic microstructure can be precisely created and/or repaired by using the SPM probe 

122 to perform a precise cut In the nragnetic material between the magnetic elements. 
This is particulariy applicable to creating or repairir^ the gap between the write and read 
poles of the ttiin film magnetic material of a tiiin film magnetic read/Write head. 

^ Cutting Techniques 

Refen-ing back to Fig. 1 , in making cuts in the object 102 with the SPM probe 122 
shown In Figs. 2 to 11 and described, it is desirable to morutorthe tod of the tip 138 of the 
SPM probe 122. To do so, tiie controller 1 14 uses a dc servo closed loop in which the 
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deviation of the tip 138 is corrected from tiie loci of the guide topography or true surface. 
This may be done by measuring the deflection of the cantilever 136 electrostatically 0.e., 
capacitively), piezoelectrically, interferomically, or by some other means using the 
cantilever deflection measurement system 200 described earlier. 

In addition, referring back to Figures 4a to 4c, the other components 123 of the~ 
SPM system 100 may include a tip mofion detection system 422. In this case, the tip 138 
can be configured so that one or more secondary sensors 420, such as a piezoelectric 
plate, tut>e or otiier geometry, of the tip motion detection system 422 are located and 
mechanically coupled on or near the tip 138. As a result, one or more force 
measurentents can be made by a tip deflection measurement circuit 421 of the tip motion 
detection system 422 using the sensors 420 to measure the local motion or deflection of 
the tip 138 while cutting. This allows a compensating reposition of the tip 138 to be made 
by the controller 1 14 using the positioning system 103. 

However, the local nK>tion or deflection of the tip 138 can instead be 
approximated by alternately holding the tip 138 ri^d or clamped with the damping device 
400 through one vector of cutting motion (or set of vectors) and then sensing the surface 
of the object 102 with the tip 138 by making SPM measurements for some distance. This 
information is then used by the controller 1 14 to set and damp the ti'p 138 for the next 
series of cuts. This sampling and adjustment or open loop operation may be done by 
sampling after every vector of cut motion or less frequentiy in order to mrnimrze the time 
required to perform a cutting operation. 

The tip 138 which is vibrated when used to make AFM measurements, may be 
clamped G-e., stopped) with the danping device 400 In vibration over the surface of a 
known object 102 under the control of ^e controller 114. The tip 138 is then moved 
closer to the surface in known increments with the positioning system 103 under the 
control of the controller 114 until (1) the cantilever deflection measurement system 200 
detects force on the tip due to contact with the known surface, and/or (2) the tip motion 
detection system 422 shows that the increment of actual movement of the tip is less then 
the magnitude of the impulse movement imposed by the positioning system 103 with 
respect to the surface. Tlien, under either or both of the latter two conditions, the tip 1 38 
is presumed to be in contact with the surface and Its steady or clamped position v\rttti 
relation to the surface is then characterized and known by the controller 114. This 
clamped position information is then used by the controller 1 14 to reposition the tip 138 
with the positioning system 103 after a surface scan of an unknown object 102 during all 
or a portion of a nanomachining operation, including SPIVl measurement and cutting, or 
multiple nanomachining operations until the tip 138 is worn or replaced. 

As mentioned previously, the tip 138 may be vibrated in a non-contact mode (as is 
well known in the ait) under the control of the conti-oiler 114 with the positioning system 
103 for making AFM measurements. But, during cutting, the tip 138 can also be vibrated 
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and made to follow the three space lod of the desired form or cut. In this case, the 
controller 114 canuse the damping device 400 to dampen and control the vibration to a 
linrvted range of a few nanonneters or less. The amplitude of the viisration is controlled to 
be within the en^or range of the cut or a desired lod of the target surface. This vibrating 
5 motion of the tip 1 38 helps dear the nnat^ial that was cut and prevents mechanical or van 

der Waals binding of the tip 138 to tiie remaining material of ttie object 102. Additionally, 
the damped vibration in the cut is nronitored to determine when the lod of the cut is in a 
clear or non-cut area so that an inspection using AFM measurements may optionally be 
begun by freeing the servo control to operate again to scan the surface or volume. 

1 0 Finally, to locate the surface of the object 1 02 for making a cut, the controller 1 1 4 

controls the positioning system 1 03 in lowerir^ the tip 138 so that the tip 1 38 is made to 
contect the surlace. Then, the tip 138 is witiidrawn until it is at point just on the surface. 
This is done determining the point at which there is no more deflection of the cantilever 
1 36 using the cantilever deflection measurement system 200 and/or by observing that the 

1 5 motion of the tip 1 38 away from the surface in the positioning system 103 is equal to the 

detected motion by the tip motion detection system 422. At tiiis point, the tip 138 is then T 
clamped in place v\Ath the clamping device 400 in preparation for cutting. 

Illumination Technique 

20 

Refemng to Rgure 5, in nanomadiinng and SPM measurement, it is desirable to 
exanrine optically a paraUel plate or optical^ transparent object 102, such as a lithogi^phic 
mask, a lens, an optical element, or minnor, in transmitted light, backlight, rear illuminated 
scattered fi.e., darkfield) light or in combinations thereof in conjunction with a support 

25 stage 129 which is opaque or reflective. The illumination system 500 shown in Rgure 5, 

which is one the other components 123 of the SPM system 100, proxddes such 
transnrutted, darkfield, or combined illumination so tiiat the support stage 129 can be 
opaque or reflective and not partial or fully transparent. 

In operation, the controller 1 14 controls the side injection light source 501 of tiie 

30 illumination system 500 to generate light The light source 501 is optically coupled to the 

object 1 02, for example a semiconductor chromium mask, to direct the Hght to the object 
102. The light propagates through ttie object 102 and is reflected Internally by leflective 
structural elements of the object 102. Any propagating light that passes through the 
object 102 may then be reflected by the support stage 129, reflective material 502 of the 

35 illun^nation system 500 located on the probe holding plate 156 of the housing 154 of the 

scanning head 120, and a reflective edge 503 back into tiie object 102. The propagating 
light may also be reflected internally within the object 1 02 by various reflective structural 
elements of the object 102. For example, in a semiconductor chromium mask, the light is 
reflected by the chrome layer on the top of the mask and, where tiie dhrome is missing, 
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light would be reflected by the reflective material 502 on the scanning head 120. The 
propagating Ught eventually reaches the region in which the light wlll be imaged or 
detected by the imaging optics 226. 

In one mode of operation, the light level is constantly adjusted by the controller 
1 14 by controlling the light source 501 and monitoring the light detected by the imaging 
optics 226 so as to maintain a constant illumination level. Altematively, the intensity of the 
light can be a direct function of the position of the object 102 under the imaging optics 
226. Specifically, when tf)e imaging optics 226 are close to the light source 501 and the 
object 102, the intensity is low while the intensity is high when the imaging optics 226 are 
far away. Although only one axis of light injection is shown, nonnally two or more such 
axis of light injection and control may be used. 

Furthermore, a flat light source 504, such as an electroluminescent panel, of the 
illumination system 500 may be used under the control of the controller 1 14 to separately 
or in conjunction with the side injection light source 501 pro\dde rear illumination in a 
similar manner. The light source 504 is an^anged In the recess (or depression) of the 
support stage 129 below the object 102 so that object 102 is only supported on the 
support stage 129 outside the concentric rectangular reticule area of the support stage 
129. The object 102 may be supported and transferred in an appropriate intermediate 
carrier which permrts objects of different dimensions to be used in a system set up for the 
largest object (with object canler). And, In this arrangement, the side injection light source 
501 may be integrated in whole or partially in the object earner as may be the flat light 
source 504. 

AdcRtionally, one or more highly collimated light sources 505, such as a las^, of 
the illumination system 500 may be arranged outside the support stage 129 and fixed In 
position with respect to the scanning head 120 or configured to move to follow or attached 
to a structure canying the scanning head 120. Under the control of the controller 1 14, 
these light sources 505 illuminate the area in view of the imaging optics 226 and provide 
iiiumination of the area of interest This illumination may be provided inddently or in a 
ultramicroscopic darkfleld manner as shown. Or, this iiiumination may be done by 
injection into the object 102, sudi as the side injection done with the light source 501 , to 
provide various forms of backHghting to the object 102. When injected into the side of the 
oljject 1 02, these light sources 505 would still remain fixed with respect to the scanning 
head 120. But, their intensity may be changed (depending on the bounce angle) to 
compensate for light loss due to multiple bounces across the object 102. Similar to that 
described eartier, the intensity adjustment would be a function of the bounce angle and 
the position of the object 102 under the scanning head 120. 

Repair and/or Fabrication of Masks and/or \Naters 
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As an example, the SPM system 100 may be used to perfomn precision repairs of 
a connpleted mask or wafer after fabrication. In fact, the SPM system may even be used 
to perform predsion repairs and/or fat)rication steps of a partially completed mask or 
wafer during febrication. These repairs and/or fabrication steps comprise structurally 
and/or chemically nnodilying the material of the mask or wafer by removing, deforming, 
and/or chemically changing a portion of it or adding other material to it. 

For example, the SPM system 100 may be provided with initial repair and/or 
fabrication guide or inspection data for a mask or wafer that was previously inspected by a 
conventional mask or wafer inspection system. The prowded initial repair and/or 
fabrication guide or inspection data may identify where and how a repair and/or a 
fabrication step is to be performed on the mask or wafer. 

Using one or more of the SPM probes 122 and/or some of the other components 
123 of the SPM system, the controller 1 14 locates a reference point on the wafer or mask. 
Then, using the reference point and the provided repair and/or fabrication inspection data, 
the controller may cause an inspection of the wafer or mask to be made where the repair 
and/or fabrication step is to be perfomied. This is done with one or more of the SPM 
probes 122 in the manner briefly described eariier and will described In greater detail teter. 
As a result, inspection data is generated which comprises an image and/or analysis of the 
mask or wafer. By comparing the generated inspection data with target data stored by the 
controller, repair and/or fabrication (i.e., modification) guide data is generated by the 
controller 114. Then, based on the additional repair and/or fabrication guide data, the 
controller causes the repair and/or faWcation step to be performed on material of the 
object with one or more of the SPM probes 122 and under the direction of the user. TWs is 
done in the manner descritied earMer. 

Alternatively, the controller 114 may use repair and/or fabrication guide data to 
directly make the repair and/or febrication step without making an irtifial inspedion. In ttils 
case, the controller 114 locates the reference point on the wafer or mask with one of the 
SPM probes 122 and then perfomis the repair and/or fabrication step wiUi this SPM probe 
and/or one or more other SPM probes 122. Or, the controller 114 may simply locate the 
surface of the wafer or mask with the SPM probe 122 and then perform the repair and/or 
fabrication step. 

Then, the controller 114 causes another inspection of the mask or wafer to be 
made after the repair and/or febrication step. This inspection may be done with or without 
any of the SPM probes 122 in the manner described eariier. Furthermore, this may be 
done in such a way that the mask or wafer is inspected so as to simulate or emulate its 
use in the environment in which it is normally used. 

For example, in the case of a mask, some of the other components 123 of the 
SPM system 100 and/or one of the SPM probes 122 would cause radiation to be directed 
at the mask. Such radiation may comprise elertromagnetic energy, such as radio 
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frequency waves, gamma rays, xrays, ultraviolet light, infrared light, visible light, and/or 
charged particles, such as protons, electrons, alpha particles, or ions. The resulting 
radiation that would be projected by the mask onto a wafer or that would be reflected 
and/or enrdtted by the nrsask wouki then be detected by some of the otiier components of 
5 the SPM system 100 and/or one of the SPM probes 122. From the detected radiation, the 

contrDlier 114 generates and displays a patterned image of the d^ec^ radiation so as to 
emulate ttie way in which the mask wouki ^pose a wafer to radiation during actual 
fabrication of the wafer. 

Alternatively, one or more of the SPM probes 122 may be used to make SPM 

10 measurements of the mask which are used by the controller 114 to produce a structural 

image of the mask in response. From this produced structural image, the controller 114 
would simulate the detection of resulting radiation that would be projected by it or reflected 
and/or emitted by it in response to radiation directed at it. From this simulation, a 
patterned image of the detected radiation is generated. 

15 In either case, the controller 114 compares the generated patterned image vMh a 

recorded target pattemed image or criteria to generate repsur and/or fabrication guide data 
that Identifies any further repair and/or fabrication step to be performed on the mask. The 
controller 114 then causes the entire process to be repeated until the generated pattemed 
image has converged to the target pattemed image or criteria within the spediied 

20 tolerance level. 

Furthermore, In the case of a wafer, one or more of the SPM probes 122 may be 
used to make SPM measurements of the wafer. These SPM measurement may be used 
t>y ttie controller 114 to generate an analysis of the properties, operation, and/or 
characteristics of the wafer and/or a stnictural image of the wafer. This generated 

25 analysis and/or image is then compared with a target analysis or image to generate repair 

and/or fabrication guide data that identifies that identifies any further repair and/or 
fabrication step to be peri'ormed on the wafer. The controller 114 then causes the entire 
process to t>e repeated until the generated analysis and/or image conveiges to the target 
analysis or image within the specified tolerance level. 

30 

Ckinclusion 



While the present invention has been described with reference to a few specific 
embodiments, the desoiption is illustrative of the invention and is not to be constmed as 
35 linnifing the invention. Various modifications may occur to those skilled in the art without 

departing from the true spirit and scope of the invention as defined by the appended 
claims. 
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WHAT IS CLAIMED IS: 



1 . In a scanning probe microscope and/or nanomachining system (m which scanning 
probe techniques are a subset of functionality) including a probe and/or tool positioned 
5 relafive to a sample volume and having relative motion between the probe and the 

san^le volume in the X,Y and Z space and controlled and sensed in any direction with 
respect to the sample volume or any element thereof and producing data responsive 
to any element or property of said volume, a method for accurately measuring a 
paranr^ter of that volume or performing a task related to that volunie including the 
10 following steps: 

providing a first scan by the probe and/or tool of the target volume in X, Y and Z 
or any element thereof to produce data representative of the volumetric element 
oftaiget, 

1 5 storing the data representative of the volume, any parametric representation, 

and/or simultaneous parametric representation and/or any element of that 
volume, 

providing, optionally, a second operation based on the information previously 
20 obtained, 

measuring a portion or ail of the volume or any other parameter associated with 
the target volume or maldng any change to said volume. 

25 2. The method of claim 1 wherein first scan produces volume data by an atomic force 

measurement. 

3. The method of claim 1 wherein first scan produces volume data by a tunneling cun'ent 
measurement. 

4. The method of claim 1 wherein first scan produces volume data by a scanning 
30 electron beam probe measurement. 

5. The method of claim 1 wherein first scan produces volume data by a scanning ion 
t>eam probe measurement 

6. The method of claim 4 or 5 wherein first scan simultaneously prt)duces 
electromagnetic data by a scanning particle beam probe measurement. 

35 7. The method of claim 4 or 5 wherein first scan simultaneously produce secondary 

particle data by a scanning particle beam ^obe measurement. 
8. TTie method of claim 1 where the second scan produces volume data by an magnetic 
force, and/or field and/or gradient measurement. 
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9. The method of claim 1 wherein first scan produces volume data by an electric field 
measurement. 

1 0. The method of claim 1 wher^n second scan is used to modily the volume in any 
measuraUe manner. 

5 11. The method of claim 9 wherein the modification is accomplished by the probe 

mechanically cutting the volume of the sample. 

12. The method of claim 9 wher^n the modification is accomplished by applying an 
electric field t)e1ween the prolDe and the volume of tiie sample. 

13. The method of claim 9 wherein the modification is accomplished by applying a particle 
10 beam of ions or electrons between the probe and the volume of the sample. 

14. In a scanning probe microscope and/or nanomachining system On which scanning 
probe techniques are a subset of functionality) including a probe and/or tool positioned 
relative to a sample volume or topography and having relative motion between the 

1 5 prot)e and the sample volume or topography in the X,Y and Z space and controlled 

and sensed in any direction with respect to the sample volume or topography or any 
elem^t thereof and producing data responsive to any element ch* property of said 
volume or topography, a method for accurately measuring a parameter of that volume 
or topography or performing a task related to that volume or topography including the 
20 . following steps: 

providing a first scan by the probe and/or tool of regions around ^e target volume 
or topography in X, Y and Z 

or any element thereof to produce data representative of the ixjunding volumetric 
or topograpNc elements of the target(s) volume or topography, 

25 

storing the data representative of the bounding volume or topography, any 
parametric representation, and/or simultaneous parametric representation and/or 
any element of that volume or topography, 

30 providing, optionally, a second operation based on the information previously 

obtdned, 

measuring a portion or all of the volume or topography or any other parameter 
associated with the target volume or topography or making any charge to said 
35 volume or topogr^hy . 

14a The nnethod of daim 14 wherein first scan produces volume or topographic data by 
an atomic force measurement. 
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1 5. The method of claim 14 wherein first scan produces volume or topographic data by a 
tunneling current measurement. 

16. The method of claim 14 wherein first scan produces volume or topographic data by a 
scannir^ electron beam probe meesurement. 

5 17. The method of claim 1 4 wherein first scan produces volume or topographic data by a 

scanning ion beam probe measurement. 

1 8. The method of d^m 1 7 or 1 8 wherein first scan ^muttaneously produces 
electromagnetic data by a scanning parficie beam prot>e measurement. 

19. The method of claim 1 7 or 1 8 wherein first scan simultaneously produces secondary 
10 particle data by a scanning particle beam probe measurement. 

20. The nnethod of claim 14 where the second scan produces volume or topographic data 
by an magnetic force, and/or field and/or gradient measurement 

21 . The method of dam 14 wherein first scan produces volume or topographic datei by 
an electric field measurement. 

15 22. The method of dam 14 wherein second scan is used to modify the volume in any 

measurable manner. 

23. ITie method of claim 21 wherein the modification is accompished by the probe 
mechanically cutting the volume of the sample. 

24. The method of claim 21 wherein the modification is accomplished by applying an 
20 electric field between the probe and the volume of the sample. 

25. The method of clam 21 wherein the modification is accomplished by applying a 
particle beam of ions or electrons between the probe and the volume of the sanrn^le. 

26. In a scanning probe microscope and/or nanomachining system On which scanning 

25 pmbe tediniques are a subset of functionality) including a probe and/or tool positioned 

relative to a sample volume or topography and having relative motion between the 
probe and the sample volume or topography in the X,Y and Z space and controlled 
and sensed in any direction with respect to the sample volume or topography or any 
element thereof and produdng data responsive to any element or property of said 

30 volume or topography, a method for accurately measuring a paranr^ter of that volume 

or topography or performing a task related to that volume or topography including the 
following steps: 

providing a first location by the probe and/or tool of regions around/on or within 
the target volume or topography In X, Y and Z 
35 or any element thereof to locate the volumetric or topographic elements of a 

starting reference pdnt or points the target(s) volume or topography, 

without storing the data representative of the bounding volume or topography, 
any parametric representation, and/or simultaneous parametric representotion 
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and/or any element of that volume or topography, 

measuring a portion or alt of the volume or topography or any other parameter 
associated witti the target volume or topography or making any change to said 
volume or topography. 

27. The method of claim 26 wherein first scan produces volume data by an atomic force 
measurement. 

28. The method of claim 26 wherein first scan produces volume data bf a tunneing 
current measurement. 

29. The method of claim 26 wherein first scan produces volume data by a scanning 
electron beam probe measurement. 

30. The method of claim 26 wherein first scan produces volume data by a scanning ion 
beam probe measurement 

31 . The method of claim 29 or 30 wherein first scan simultaneously produces 
electromagnetic data tsy a scanning particle beam probe measurement. 

32. The method of claim 29 or 30 wherein fiiBt scan simultaneously produces secondary 
particle data by a scanning particle beam probe measurement. 

33. The method of claim 26 where the second scan produces volume data by an 
magnetic force, and/or field and/or gradient measurement. 

34. The method of claim 26 wherein first scan produces volume data by an electric field 
measurement. 

35. The method of claim 26 wherein second scan is used to nnodfy the volume in any 
measurable manner. 

36. The method of claim 34 wherein the modification is accomplished by the probe 
mechanicsrily cutting the volume of the sample. 

37. The method of claim 34 wherein the modification Is accomplished by applying an 
electric field between the probe and the volume of the sample. 

38. The method of claim 34 wherein the modification is accomplished by applying a 
particle beam of ions or electrons i^etween the probe and the volume of tiie sample. 

3aAn illumination system for opague or optically Hmited or blocked stage in wMch 
illunvnation is introduced along one or more edges of the sample and is arranged so 
reflecting elements cause the Illumination to be propagated across the sample. 

40. An lllunnination system tor opague or optically linvted or blocked stage in which 
illumination Is introduced along one or more edges of the sample and is arranged so 
reflecting elements cause the illunrunation to be propagated across the sample as in 39 in 
which the intensity of the illumination introduced into the sample is a function of the 
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position of the stage with respect to the optical obsen^ng means. 

41 'An illuniination system for opague or optically limited or blodced steige in which 
illumination is introduced along one or more sides of the sanriple, striking the sample at a 
5 glancing angle just under the optical observing means. 

4ZAn illumination system for opague or optically limited or t)iocked stage in whidi 
illumination is introduced along one or more sides of the sample, striking the sanple at a 
glancing angle just under the optical observing n^ans as In 41 in which the source means 
10 is fixed to always point at the glancing area below a fixed optical observing means. 

43. An illumination system for opague or optically limited or blodced stage in which 
illumination is introduced along one or nnore sides of ttie sample, striking the sample at a 
glandng angle ju^ under the optical observing means as in 41 in which the source means 

15 is moved to always point at the glandng area betow a movable optical observing means 

44, A nanomachining system as descrit>e herein in which the tip or tool is clamped by 
mechanical, magnetic, or elecb-ostaic means prior to begining the nanomachining 
material modification process. 

20 

45« A nanomachining system as described herein In which the tip or tool is stopped from 
any SPM induced vibration and is moved a known or estimated distance to contact or 
nearly contect the target volume. 

25 46. A nanomachining system as described herein in which the tip or tool is stopped from 

any SPM Induced ^bration and is moved until a measureable change in any related 
sensing system indicates that the tip ot tool is in contad with the target volume. 

47. A nanomachining system as described herein in which the tip or tool is not sto|:^ed 
30 from any SPM Induced vibration but is restricted in its normal motion (assodated vMh 

measurement) so as to foitow the lod of a target nanomachining step to nanonnachine a 
particular fi9atuee(s) in the target volume. 

48. A nanomachining system as described herein in which the tip or tool is not stopped 
35 from any SPM induced vibration but is restrided in its normal motion (assodated with 

measurement) so as to follow the lod of a target nanomachining step to nanomachine a 
particular featuee(s) in the target volume and the means for monitoring the tip ot tool for 
measurement is used to determine when the tip or tool is no longer cutting the terget 
volume. 
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49. A nanomachining system as described heran in which the tip or tool is not stopped 
from any SPM induced vibration but is restricted in its normal motion (associated with 
measurement) so as to follow the lod of a target nanomadiining step to nanomachine a 
particular featuee(s) In the target volume and the means for nmnitoring the tip ot tool for 
5 m^surement is used to determine when ^e tip or tool is no longer cutting the target 

volume. 
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